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LIVE-LOAD STRESSES 



Monting poHitive quantities are plotted above the base line; 
and negative, below. In case the influence line consists of 
Hovoral Htraight segments, it is necessary to determine the 
value of the ordinates only where the influence line has a 
change of dii*oction; i.e., at the salient points. For example, 
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LIVE-LOAD STRESSES 3 

where Zi, Z2, Zz, etc., are the influence ordinates below the 
corresponding loads. It will be convenient to speak of such 
a quantity as wz as an ordinate-load prod/act 

Formula (1) therefore may be expressed thus: 

Z = Sum of ordinate-load products. 

The area between the influence line and the base line 
is called the influence area. It may be shown that the 
value of Z caused by a imiform load on the bridge is pro- 
portional to the area A^^ of the influence line between the 
ordinates at the extremities of the uniform load. If the 
uniform load in Fig. la has an intensity of q per unit of 
length, the load in the length dx equals q dx, and the influ- 
ence of this elementary load on the value of Z is zq dx, 
where z is the influence ordinate below q dx. Sunaming up 
for the length of the uniform load, 

If a series of equal loads w is on the span, the value of 
Zis 

Z = i:wz = wi:z (3) 

If a series of unequal loads, Wi, W2, etc., is multiplied by 
the corresponding ordinates of an influence line or a por- 
tion of an influence line which has a constant ordinate 2, 
as in Fig. Ic, the value of Z is 

Z = z{wi + ^2+ . . .) = ^2it; = zW ... (4) 

where W equals the sum of these loads. 

If a series of unequal loads is multiplied by the corre- 
sponding ordinates of an influence Une or a portion of an 
influence line consisting of two diverging lines, as shown 
in Fig. Id, the value of Z, or the sum of the ordinate load 
products, and the rate at which Z varies as the loading 
advances, are given by the two theorems that follow. The 
dope of a Une is defined at the beginning of Art. 2. 
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Theorem I. 



The sum of the ordinate-load products between two di- 
verging lines equals the difference between the slopes of 
the two lines multiplied by the sum of the moments of 
the loads about the intersection of these lines. 

In symbols, this is stated as 

Z = C„M„ (5) 

Theorem II. 

The rate at which the simi of the ordinate-load prod- 
ucts between the two diverging lines increases as the load- 
ing moves away from the intersection of these lines equals 
the difference between the slopes of the two lines multiplied 
by the sum of the loads. 

In symbols, this is stated as 

f = C.^. = ^-^ - C.f^ . ...(5a) 
The proofs of these theorems follow in the next article. 



ARTICLE II. 

SUM AND RATE OF VARIATION OF ORDINATE-LOAD PRODUCTS 
BETWEEN THE TWO DIVERGING LINES. 

Consider the diverging lines DAB and AC in Fig. 2. 
Use the following notation: 
w = any vertical load. 
z = ordinate below w in the angle BAC. 
Z = l^WnZn = sum of ordinate-load products. 

SaUent Point (o^ 

|Ma 
W 



'^'i '^?2 . . ^n 



I ijrii iJrll 



a 



limiHmHuiiuiiHHnimiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiniiiiiiiiiiiiiiMiiiiiiiiiMiiiiiim 



B-»^ 



-X-. 






Foot- 



IFoot 



»'8r Cnumericany-f) 




Fig. 2. 



Ma = ^WnXn = moiuent sum of all loads to left of -4 a 

about A. 
Wa = ^Wn = load sum of all loads to left of Aa. 
Sr = slope of Une DA = tangent of angle which DA 

makes with the horizontal. 
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6 LIVE-LOAD STRESSES 

8l = slope of line AC = tangent of angle which AC 

makes with the horizontal. 

Co = — = (sl "" Sr) = length of ordinate unit distance 

from A. 

Slopes are counted numerically positive when upward 
to the left. The sign of Ca (called the coefficient at salient 
point A) is, accordingly, negative when AC diverges below 
DA produced to the left of A. The value of Ca may be 

determined graphically as -- or it may be figured algebra- 
ically as (sl — Sr). 

Proof of Theorem /, or that Z = CaMa- 

Consider the load Wn distant x^ from the salient point a. 
By the similar triangles AEF and AGH, 

1.00 ~ Xn' ^^ ^» ~ ^'•^"• 

Therefore, 

w„«„ = C„«>„x„ (A) 

Summing up all of the ordinate-load products, 

Z = S«>„«„ = Ca S«J„X„ = CaMa (5) 

Proof of Theorem II, or thai -r- = CaWa- 

From equation (A) above, the increase in the ordinate- 
load product w^Zn for an advance dx^ of the load is 

Summing up the increases of all the ordinate-load products 
and noting that etc is the same for all loads, 

dZ = 2ii;^ck» = Cadx-^w^ = Ca-Wa'dx. 

l^V 1 J ^^ ^ ur d{CaM„) CadMa ,^ , 

Dividmg by dx, ;^ = CJVa = - -^- = ^ . . . Ur, ) 



ARTICLE m. 

SUM AND RATE OF VAHIATION OF ORDINATE-LOAD PRODUCTS 

FOR ANT INFLUENCE LINE. POSITION OF LOADING FOR 

MAXIMUM LIVE-LOAD STRESS. 

An influence line of a general type is shown in Fig. 3, 
this one in particular being for the member (/ji* of the 



arch shown in F^. 15. It is assumed that the ordinates at 
all salient points and the intervals between these points are 
known. Ordinates and slopes are counted positive or nega- 
tive as already defined. The slope of any segment of the 
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influence line equals the ordinate at the left minus the 
ordinate at the right end of this segment divided by the 
corresponding inten-al. The coefficient C at any salient 
point equals the slope of the segment at the left minus the 
slope of the segment at the right of this point. The sub- 
tractions in each case are made algebraically. 

It should be remembered, as has already been pointed 
out in Art. 2, that the value of any coefficient C may also 
be measured graphicalh' from an influence line which has 
been drawn to scale. For example, in Fig. 3 the value of 

the coefficient C* = — and C^ = — . 

Xt Xa 

The algebraic calculation of the coeflBcients at all sa- 
Uent points of the influence line in Fig. 3 is given below. 
If it be assumed that this influence line has been drawn 
to scale, the signs of the numerical values of the slopes and 
coefficients will be as given in the parentheses. 

Ci= 0-s, (-) 
Ct = Si — St (+) 

Cz = St — Sz ' — ) 

Ci = 53 — ^4 * +) 

G = 54 - +) 

A numerical evaluation of the slopes and coeflBcients for 

this influence luie is given in Fig. 15 of Art. S, which the 

reader should check in order to imderstand completely the 

method of pnx^lure. These coeflficients should also be 

checked by the graphical method as already explained. 

259 
For example, in Fig. 15 the value of C* = ^^ = .0863. 

It will be noteil in the algebraic calculation of the coeflB- 
cients C at all salient points that each slope enters once 
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LIVE-LOAD STRESSES 9 

,s positive and once as negative. Therefore the sum of all 
oefficients equals zero. 

S C = (6) 

This formula serves as a check on the values of the coef- 
icients which have been determined either by calculation 
r by graphical measurement. 

The general formulas for the sirni of the ordinate-load 
►roducts for any influence line (viz., with several saUent 
►oints such as the one shown in Fig. 3) may be arrived 
t by considering the two contiguous sloping sides of the 
afluence line meeting at each salient point as two diverg- 
ag lines. The entire influence line is thus made up of pairs 
if diverging lines (see Fig. 3) to each pair of which for- 
tiula (5) may be directly applied. Thus in Fig. 3, 



Ordinate-load products in 



tt (( a 

(I (( (( 

C( (t (C 



die = CiMi (-) 
cge = C2M2 (+) 



eha = C3M3 ( — ) 



akb = CJ\I, (+) 



Ibmd = C5M5 (+) 



The signs of the CM's are + or — according to the 
igns of the coeflScients, for the M^s are always positive. 
Summing up the above equations and observing that the 
•rdinate-load products cancel one another except between the 
tifluence line fghkm and its base Une foniy it follows that 
he sum of the ordinate-load products for the influence 
ine, or the live-load stress, is 

S = CiMi + C2M2 + . . . = SCM (7) 

The letter S represents in general any stress or sum of 
>rdinate-load products for any influence line, while Z stands 
or the siun of ordinate-load products for any geometrical 
igure. 

The rate at which S varies as the load advances a dis- 
ance dx equals 



( 
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dS ^ diCMQ d{C,M2) ^ j,^ 
dx dx dx 

But by formula (5a) this becomes 

^ = CJVi + C2W2 + ... = ^CW. . . . (! 

TTi, Wi, etc., = siun of all of the loads to the left 01 
points 1, 2, etc., respectively, whether on the span or not 

Ml, Mt, etc., = moment of the same loads about points 
1, 2, etc., respectively, whether on the span or not. 

The above formulas (6), (7), and (8) apply equally wel 
when the loading is headed from left to right instead o 
from right to left, the latter being the more usual way 
In applying these formulas, however, it will save confu 
sion not to reverse the loading, but to tiun the influena 
line end for end, for this operation changes neither th( 
values nor the signs of the coefficients C. 

The stress S = i:CM is related to its derivative -1— = 

dx 

SCTT in the same way that any function is related to itj 
derivative. Thus, if the value of -r- passes through zero af 

the loading advances, the stress itself may have reachd 
any one of four conditions ; namely, 

1. Numerically maximum positive value. 

2. " minimum '^ " 

3. " maximum negative '' 

4. *' minimum '^ " 

In practice it is desirable to find the positions of load 
ing to satisfy the first and third conditions. This may b( 
done by proceeding as directed below. It is assumed ii 
stating the following rules that the live load is advancini 
from right to left. In case the live load advances frori 
left to right, the wheel will be tried first to the left an( 
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value when the wheel is to the left of the point. A change,] 

therefore, of -i- from + to — would not result. Similarly j 

it may be shown to be imnecessary to seek a nimiericall>' 
rnaximum negative stress by trying wheels at any salienjj 
point which has a negative coefficient. 

Formulas (7) and (8) are the general formulas for the 
solution of the sum of the ordinate-load products of an 
influence line and the rate of change of this sum, and are 
appUcable to any form of influence line. They give at once 
a definite solution of the position of a set of loads produc- 
ing maximum positive and negative stresses in any member 
of any truss or girder for which an influence line can be 
drawn and the values of such stresses. The method is 
particularly advantageous in the case of statically indeter- 
minate structm*es, such as two-hinged and no-hinged arches, 
swmg bridges, continuous gu'ders, etc., where general ana- 
lytical criteria for the positions of loads producing maxi- 
mum stresses cannot readily be expressed and where such 
maximum stresses have had to be found by assuming posi- 
tions of loadings and scaling the influence-line ordinates 
under all the loads, a laborious process and one open . to 
much UabiUty of mechanical inaccuracy. 

In applying the present method to the simple forms of 
girders and trusses (viz., the statically determinate struc- 
tures where the ordinates of the influence Unes are readily 
expressible algebraically) it will generally be more conve- 
nient to transform formulas (7) and (8) in each case whereby 
the coefficients C may be expressed in terms of the geo- 
metric proportions of the truss or gkder. This, in the fol- 
lowing articles (4 to 7 inclusive), we shall proceed to do for 
the case of girder bridges (with and without panels), pier 
reactions, and through Pratt trusses with curved' or hori- 
zontal chords. The general method will, however, be ap- 
plied directly to the case of the three-hinged arch in Art. 
8, which will serve as a typical example of the application 
of the method to any influence line. 



ARTICLE IV. 



GIBDER BRIDGE WITHOUT PANELS. 

In Fig. 4 is shown a girder bridge without panels. The 
ive load has advanced beyond the span, this being the 
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lost general case. Formulas for the end reactions and for 
he bending moment and shear at any section will ho 
leveloped. 
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14 LIVE-LOAD STRESSES I 

The influence line for Ri is shown in Fig. 4a. The sum 
of the ordinate-load products within the shaded area rst 
equals the end reaction JBi, which at the same time is the 
end shear at JBi. 
From Fig. 4a, 

Ordinate-load products in \rst = 
<< li (I (I 



ate 

— " " '' " [orb 

— " '' '' '' brsc. 

By using formulas (4) and (5), this equation becomes 

Ri = j^ Ms --\m,- W, ^^l^Ml -w, , , (9) 

Any value of M or W may be read directly from Table 
2 for the standard loadings given in Table 1. For example, 
in Fig. 4, if Zi = 10', U = 30', and Wi of Cooper's EbO has 
advanced 14' beyond the left end of the span, we have 
from Table 2, 

At 1, 14' from Wi, Mi = 350.0^' Wi = 62.50'' 

At 2, 24' from Wi, M^ = 1150.0 TTs = 112.50 

At 3, 54' from Wi, Mz = 5435.0 Wz = 177.50 

The formula for R^ is developed as for iZi, the method 
of writing the second member of the first equation beinp 
abbreviated in a way readily understood. From the influ- 
ence line in Fig. 4b, and the formulas (4) and (5), 

222 = Ordinate-load products in {dvxe — \ dvf + fue ) 

Or 

R2 = Ws- j^Mz + x^i = Wz- ^'~ ^' . (Oal 

The sum of the reactions Ri and R2 as given by (9) and 
(9a) equals Wz — TTi, or the sum of the loads on the bridge. 

From the influence line in Fig. 4c and formulas (5) or 
(7), the equation for bending moment may be written: 

M = Ordinate-load products in ( I gbh — I gak + kzh) 
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)r 

M = j^Ms + j^Mi- M2 .... (10) 

Formula (10) readily follows, likewise, from the general 
ormula (7), S = CiMi + C2M2 + C3M3 = i:CM. 

For example, in the case of the bending moment at 
K)int 2 in Fig. 4, 

Ci = + 1 

r — ^ ^' _ 1 
^*- ~L~L- ~^ 

^Thence M = | Mi - M2 + -^ M3 . . . . (10a) 

Taking the derivative of M with respect to the advance 
X of the loading toward the left or using formula (8) 
irectly, the rate of variation of the bending moment is 

All positions for maximum M may be found by trying 
rheels at point 2 as directed by Rule 1 of Art. 3. In ap- 
lying this rule the simultaneous shifting of other wheels 
f^he rigid loading from right to left of points 1 and 3 
s a wheel is shifted from right to left of point 2, must be 
aken into account by substituting in formula (11) the 
orresponding changed values of Wi and TTs. It is to be 
smembered, as stated in Art 3, that it is entirely unnec- 
ssary to try wheels at points 1 and 3. 

From the influence Une in Fig. 4d, the formula for the 
itermediate shear S follows by applying formulas (4) 
nd (5) : 

S = Ordinate-load products in 

( |m/g — mden — \ncq ) 
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Or 

S^j^M,-W,-j^M^ = ^'l^' -W, . (12 



] 



There is one more thing to be borne in mind in calcula- 
ting maximum bending moments in a girder bridge without 
panels: it is th^ rule for finding the section where the 
absolute maximum bending moment occiu^. The rule is often 
spoken of as the ^^ centre of gravity nde,^ and may be stated 
as follows: 

The bending moment under any given wheel becomes maxi- 
mum when the centre of the span bisects the distance from the 
wheel in question to the centre of gravity of the loading on the, 
span. 

In the practical application of this rule, the procedure 
is first to find the wheel which gives maximiun bending 
moment at the centre of the span and then to shift this 
wheel so that the bending moment beneath it becomes ac 
absolute maximum according to the centre of gravity rule. 
For the usual standard loadings the maximum centre mo- 
ment closely approximates the absolute maximum bending 
moment for the spans greater than 70 feet. 

The proof of the centre of gravity rule follows. Refei 
to Fig. 5. Assume that it has been found by trial that 
the wheel Wn gives the maximum centre moment. The 
general case where load has advanced beyond the span i 
taken. In order to get an absolute maximum bendinj 
moment under w;„, this wheel must be shifted a certair 
distance from the centre. Let such position be distance % 
from Ri. The sum of the loads on the span is called P 
and equals (TTaj- Wi). The centre of gravity of the loadj 
P2 is distance x from R2. The sum of the loads on the 
span to the left of Wn is called Pi, and their centre of gravity 
is at the fixed distance b from w^- 

Taking moments about U2, 

Ri - -j^ 
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' ITierefore, 

M = Riy -Pib = ~y - P,b. 

In this equation for M, the only variables are x and 
y. Therefore, M will be a maximum when the product 
xy is maximum. Note, however, that the sum 
X + y = (L ~ a) = constant. 
If two variables have a constant sum, their product is 
maximum when the two variables are equal. Therefore, M 
is maximum when x = y. But when x = y, the distance 
from w„ to the centre of gravity of the loading is bisected 
I 



by the centre of the span. This proves the centre of 
gravity rule. 

In order to apply this rule, a general expression for x 
is needed. 

Since Ri = -y- it follows that x = -5-' Substitute the 

value of ffi from formula (9), and the value (Wa — Wi) for 

Pt. 

- M,-M^-LWr ,,„, 

a; = ^^ _ ly^ I loj 
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In the special case where the loading has not advances 
beyond the left end of the span, Mi and Wi equal zero anc 
X becomes 



X = 



Problems relating to a gkder bridge without panels will 
now be given to illustrate the application of the above 
formulas and the use of some of the tables followmg the 
text. 

Problem. — Given a 40-foot deck-girder bridge consisting 
of one girder per rail. Use Cooper's ^50 loading. Find 
the maximum shear at the end, quarter point, and centre 
Determine also the maximum bending moment at the 
quarter point and at the centre, and the absolute maximum 
bending moment. All values are to be given per rail. 

Solution. — Table 5 following the text gives the positioK 
of Cooper's loadings for maximum end shear. This tabk 
is the result of the solution of end shears for a large num- 
ber of spans. As a general rule, however, it is safe to as- 
sume that W2 of Cooper's and similar loadings will always 
give the maximum end or intermediate shear when placed 
immediately to the right of the given section, the Uve load 
being headed toward the left. The exceptions in Table S 
to this general rule are not of prime importance, for the 
actual value of the shear when W2 is used is sufficiently close 
to the maximum even in the exceptional cases. There is 
no satisfactory criterion for determining the position of load- 
ing for maximum shear in girder bridges without panels, foi 
it is as easy to calculate the actual values of the shears for 
the successive positions of loading as it is to apply any 
criterion. In the case of bending moment, however, time 
is saved by using the criterion. 

Maximum End Shear. 

Ms— Ml 
Use formula (9), Ri = — j Wi. Place wheel 2 
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of Cooper's ^50 immediately to right of Ri. Take the 
values of moment and load sums for Cooper's E50 from 
'^ Table 2. 

Maximum end shear = ^^^^^ - 12.5 = 94.3*. 

40 

Maximum Shear at Quarter Point. 
Use formula (12) with w^ at quarter point. 

s = ^^^ - w, 

5 at M point = ^^^8 J5 - _ ^^^ ^ ^^^^ 

Maximum Shear at Centre. 
Using formxila (12) with w^ at centre. 

m . 1600 — ^^ ,. ^^ ,-fc 

S at centre = — jt: 12.5 = 27.5*. 

40 

The values for the shears are given in Kips, or thou- 
sand of pounds. A comparison of the above shears with 
those in Table 7 shows agreement of results. 

Maximum Bending Mcrment at the One-^Quarter Point. 

First compute successive pairs of values for -j- for dif- 
ferent wheels, first placed to the right and then to the left 
of the quarter point. A change of sign from + to — indi- 
cates a wheel that gives a maximum. Use formula (11), 

-^=iw.+iw.-w. . . . .(11) 

Wi at }4 point. 

^ = H (112.5) + U(0)-0= + 

No maximum. 
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dM 



dx 



= M (112.5) + H(0) - 12.5 = + 



W2 at }4: point. 

"^^ = M (145) + ^ (0) - 12.5 = + 



dx 

Maximum. 
dM 



dx 

Wz at 34 point. 

dM 



= ^ (145) + M (0) - 37.5 = - 



= }4 (145) + 3^ (12.5) - 37.5 = + 



dx 

Maximum. 

dM 



dx 

Wi at 34 point. 

dM 



= i<i (161.25) + ^ (12.5) - 62.5 = - 



= 34 (161.25) + 3^ (12.5) - 62.5 = - 



dx 

No maximum. 
dM 



dx 



= 34 (177.5) + ^ (37.5) - 87.5 = - 



Accordingly, compute the value of M by formula (] 
for W2 and w^ at quarter point. 

M = j^Ms + j^Mi- M2 (] 

M for W2 at quarter point, 

M = }4 (2838.75) + ^. (0) - 100 = 609.7 Kip feet. 

M for Ws at quarter point, 

M = 34 (3563.75) + M (37.5) - 287.5 = 631.6 Kip fe 

The latter value, 631.6, is the maximum bending n 
ment at the quarter point. A comparison of this val 
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with Table 11 shows agreement of results. Reference to 
Table 3 indicates that the correct wheel for maximum has 
been chosen. 

Maximum Bending Moment at the Centre. 
dM Wn + Wi 



dx 



M = 



Ms + Ml 



- TTa, (10a), and 

— Af2, (11a), when J = 3^ 



Wz at centre. 



dM ^ 12875 
dx " 2 



- 37.5 = + 



No maximum. 



dM 
dx 



128.75 .^ , , 



Wi at centre, 



dM _ 145 
cte " 2 



- 62.5 = + 



Maximum. 



dM ^ 145 
dx " 2 



- 87.5 = - 



Wt at centre. 



dM ^ 145 + 12.5 
dx " 2 



- 87.5 = - 



No maximum. 



dM ^ 161.25 + 12.5 
dx ~ 2 



- 112.5 = - 



Therefore, maximum centre moment occurs with Wa at 
centre. 

M = ?^|^^ - 600 = 819.37 Kip feet. 



This value agrees with Table 11; and the position of 
loading, with Table 3. 



22 



LIVE-LOAD STRESSES 



AbsohUe Maximum Bending Moment. 

Shift Wa according to centre of gravity rule, and the 
recompute the value of M under this wheel by formula (10) 
Note that new values for Zi, k, and Ms must be determined 

By formula (13a), when Wa is at the centre, 

- Ms 2838.75 ,_, _ 

^ = ^a = ns5- = i^-^8 



Therefore for absolute maximum bending moment undei 

, .,, , ,. , , f, 20\00 - 19'.58 ,., _, 
Wi, shift loadmg to left ^ = .21. 

The new values of h, U, and Af 3 are 

h = 20.00 - 0.21 = 19.79 
^2 = 20.00 + 0.21 = 20.21 
M, = 2838.75 + .21(145) = 2869.2 

The absolute maximum bending moment = 

Jjf = ^ M3 + ^ Ml - ilf 2 

IQ 79 
= ^^ (2869.2) + - 600 = 819.54 Kip feet. 

# 

It appears, therefore, that the absolute maximum bend- 
ing moment is .17 Kip feet greater than the maximum cen- 
tre moment. The difference is not great m this particular 
case, as the required shift of the loading is comparatively 
small. The position of loading for absolute maximum bend- 
ing moment agrees with Table 4, and its value agrees with 
Table 7. 



ARTICLE V. 

PIER REACTION. 

In Fig. 4e is given the influence line for the pier reac- 
tion R between two non-continuous beam spans h and Z2. 
From this influence line, the formxilas (5) and (7) give 

R = Ordinate-load products in {\ gbh — \gak + \kzh) 

Or, 

Formula (14) may also be derived from formula (10) 
since the ordinates of the influence line for R tear the con- 

stant ratio y-r to the corresponding influence ordinates for 

My the position of the hve load and the values of U and U 
remaining fixed. 
Therefore, 

R = ~M (16) 

Substituting the value M = j M3 + j Mi — Af 2 from 

formula (10) in formula (16), the result is again formula 

(U). 

For equal spans, 

7 7 7 +u + D Mz + Ml- 2M2 f^, . 
h = h = I so that R = J . (14a) 

The rate of change of R for a movement dx of the 
loading to the left is 

23 
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For equal spans, Zi = ij = Z, so that 

dR ^ Wt+Wi" 2Wt 
(te ~ I 



(15a) 



In the last member of formula (15) the quantity withii 

the parentheses is the same as the expression for --j— u 

formula (11). It follows, therefore, that the same position 
of loading gives maximum R and maximum M for anj 
given values of h and k- 

Problem. — (a) Find the maximum pier reaction per rail 
between two simple beam spans h = 10 ft. and U = SO ft. 
(6) Find the maximum pier reaction between two simple 
beam spans, each having a length of 20 feet. Use Cooper's 
^50 loading. 

Solution of Problem (a). 

Use formula (15) to find position of loading for 
maximum R. 

Wi at pier. 



dR 40 



(is (145) + 5^ (0) -12.5) = + 



dx 10X30V40' ^ ' 40 

Maximum. 
dR 40 /lO,,,., , 30,-, „_^\ 

W3 at pier. 

dR 40/10,,.., , 30,,-_, ___\ 

Maximum, 
f- - lofso (so <""-25) + 55(12.6) - 62.5) - - 
Use formula (14) to compute the value of R. 
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„ Ms ^ Ml L -^ 



t pier. 



2838.75 40 , 

ie - —30- + 10 " io^Tso (^^) = ^^ ' 

t pier. 

__ 3563.75 37.5 40 _ , 

K - 30 + 10" ~ 10 X 30 ^"^^^'^^ ■" ^^ • 

The latter value of 84* is the maximum pier reaction, 
vralue agrees with Table 14 and the position of loading 
es with Table 3. 

Solution of Problem (6) . 

Jse formulas (14a) and (15a), 

^ Jlf 3 + i¥i - 2ilf 2 . dR Ws+Wi-2W2 
R = j , and 



t pier. 



I '""^ dx I 



dR 128.75 + - 2 X 37.5 _ 



dx 

No maximum. 
dR . . ^ 



dx 



,t pier. 



20 




128.75 + - 


2 X 62.5 


20 




145 + - 2 X 62.5 


20 




145 + - 2 X 87.5 


20 




145 + 12.5 - 


2 X 87.5 



dx 

Maximum. 
dR^ 

dx 
,t pier. 

dR^ 

dx ~ 20 

No maximum. 
AIL ^ 161.25 + 12.5 -2^012.5 
dx ~ "20 

refore, maximum pier reaction occurs when vh is at the 
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„ 2838.75-0-2x00 ., .^ 
R = ,^ = M.9-*. 

pier mrdoQ of 81.9^ asrces with vahi 
in Table 7 and Table 14« while the penstiocL of k»ding agreej 
with that given fay Table 3. 



ARTICLE VI. 



OIRDEB BKIDGE WITH PANELS. 



In Fig. 6 is shown a girder bridge with panels. It is as- 
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Fig. 6. 

sumed that the live load has advanced beyond the left end 
of the span, this being the most general case. 
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The formulas for Ri and Rt are the same as formuli 
(9) and (9a) for the gu-der without panels, if the girdr 
bridge with panels has end floor-beams; but if this bridf 
has end struts with the end stringers resting on separak 
pedestals, 'the value of Ri beneath the end of the mai 
girder is the same as Sa, the shear in the end panel, i| 
given by formula (17) to follow. 

Inasmuch as the maximum bendmg moment in a beaii 
carrying concentrated loads always occurs beneath a coi-l 
centration, the maximum bending moments in the man 
girder of a girder bridge with panels will occur at the f^oo^ 
beams. The influence line for the bending moment at the 
floor-beams is the same as for the bending moment in a 
girder bridge without panels; accordingly, formulas (10) and 
(11) are to be used in finding maximum bending moments 
at the floor-beams. 

It remams to derive formulas for the maximum shears 
Sa in the end panel and S^ in any intermediate panel. In 
Fig. 6 are given the influence lines for Sa and S^. The 
correctness of the ordinates is at once evident. The slopes 
and coeflScients are calculated as explained in Arts. 2 and 3. 
The general formulas for Sa and Si, and their rates of varia- 
tion may be written at once by use of formulas (7) and (8). 



dx 

St = 

dSb __ 
dx "" 






j^{^M, + j^M,-M,) (17) 
i(|>r, + ^TF.-TF0(18) 






(19) 



(20) 



Formula (17) when compared with formula (10) shows 
that Sa is equal to the bending moment at the first inter- 
mediate floor-beam divided by the length of the first panel 
Formula (18) when compared with formula (11) shows that 
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the same position of loading that gives maximum bending 
moment at the first intermediate floor-beam will also give 
maximimi shear in the end panel. 

Formulas (19) and (20) are perfectly general and will 
serve for any assumed series of vertical loads in any posi- 
tion. For the usual standard loadings and panel lengths, 
however, it is not necessary to advance any loads beyond 
an intermediate panel for maximum shear in this panel. 
Therefore, for practical purposes formulas (19a) and (20a) 



Illustrative Problem. — A single track through girder 
bridge with a floor system consistmg of stringers and floor- 
beams, both end and intermediate, has six panels of 20 feet 
each. Find the maximum end reaction and the shear in 
panels — i, 1 — 2, and 2 — 3, using Cooper's ^50 loading. 

Solution. — For maximum end reaction place wheel 2 at 
left end. Use formula 

B. - '^-■-l-"' - Tf. (9) 

B, - ^-^-\-- '«• - 12.5 - 217.1* 

Note that the above value agrees with Table 7. 
For maximum shear in panel — 1, find critical wheel 
by formula (18) and then compute shear by formula (17). 
Try wheel 3 at panel point 1. 

^ = ^(^365) + - 37.5) = + 

Maximum. 



= Ul (365) - - 62.5) = - 



dx 20^6 
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Note that the position of loading agrees with Table 3. 
For this position of loading formula (17) gives 

Sa = :^{l (21895) + - 287.5) = 168.1*. 

For maximum shears in the intermediate panels, dete^ 
mine the position of loading by formula (20a) and the shear 
by formula (19a). 



dSb 
dx 



Sb = 






-Ms) 



(20a) 



(19a) 



Panel 1-2. Try wheel 3 at panel point 2. 



dx 



dSt 
dx 



Maximum. 



= ^Q (322.50) - 62.5) = - 
Sf, = i-(i (15051.25) - 287.5) = 111.0^ 



Panel 2-3. Try wheel 3 at panel point 3. 



dSb _ 
dx ~ 



1^1 



20 \6 

1 n 



(240) - 62.5-) = - 



Maximum. 



(g (9345) - 287.5) = 63.5*. 



20 \6 



The above values for shears agree with the values given 
by Table 9. The wheel for maximum shear in panels of 
girder and truss bridges is given in Table 6. 



ARTICLE VII. 

HROUGH PRATT TRUSS. GENERAL FORMULAS FOR LIVE- 
LOAD STRESSES AND THEIR RATE OF VARIATION. 

ILLUSTRATIVE PROBLEMS. 

The general formulas S = T^CM and -^ = SCTT may 

B used to write the equations for the Uve-load stresses in 
ny member of a framed structure as soon as its influence 
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Fig. 7. 



ne has been drawn and the ordinates at the saUent points 
etermined. 
In Figs. 7, 8, 9, and 10 are shown all the influence lines 
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needed in writing the formulas for the live-load stresses in 
a through Pratt truss with non-parallel or parallel chords 
The influence ordinate at any saUent point is the calcu- 
lated stress due to a one-pound load on the bridge at the 
panel point above this saUent point. By easily discovered 
relations between similar triangles, the algebraic value of 
each stress, or influence ordinate, is expressed m terms that 
are most readily evaluated in any numerical problem. 

The derivation of any one formula for a Uve-load stress 
is typical. Refer to Fig. 7. The stress in the lower chord 
member Ss is found by taking moments about C The 
influence line for S^ is straight over each of the two inter- 
vals kp and mp. The ordinates at the saUent points 1 and 
4 are zero. The ordinate at saUent point 3 must be found 
by placing a one-pound load at the lower panel point of 
the truss above this salient point and calculating the value 
of Sb* For the unit load so placed, 



Reaction at A = 



kp k 
np ~ n 



By moments about C, 



^ (mp) = S, (v) 



Therefore, 



777 n'T) 

^5 = H = Influence ordinate at 3. 

nv 

The slopes of the segments of this influence line follow. 
Slope of ao = '- mp = 

Slope of 6c = H -7- kp = -\ 

^ nv '^ nv 

The coefficients C for use in the general formula S = 
iCM are now found. 

C, = + -=+- 

nv nv 
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r — — — — 1 

^ " nv nv ~~ V 

c, = ^ - = + ^ 

nv nv ^ 

Therefore, for the position of the Uve load advanced 
eyond the Umits of the span, the general formula for 
5 is 



^nv 



)m. - (1)^3 + (A)m. 



However, in actual practice it is usually not necessary 
D advance the loading beyond the left end of the span in 
rder to get a maximum value of Sf,. The usual formula 
nil therefore not contain the term Mi, since this will be 
iero; thus, 

^^ = ©^^ - (^)^' (21) 

Inasmuch as the horizontal component of the stress S% 

an inclined top chord member or end post equals the 

•ess aSs in a corresponding lower chord member, the stress 

in any top chord member or end post may be found by 

• 

aSg = — . /Ss (22) 

Xxi Fig. 8 is shown the influence line for the stress /S4 
a.xiy vertical post. The influence ordinates are deter- 
ci by taking moments about the intersection of the 
and lower chord members which are cut by the 
'icDn. The algebraic values of these ordinates are trans- 
*^^d by use of easily discovered relations between sim- 
"triangles. The slopes and coefficients are then calcu- 
-<3. in the usual way. The influence line indicates that 
' live load should advance into but not beyond the panel 
^f a maximum compression, and for this reason Af 1 and 
^ ^cjual zero for the usual case. The numerical value of 



M 
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the mftximnm compression S4 m a vortical post is, therefor^ 



&-(^)i«'.-(>. 



(23) 



The coeffidoits for the stress in any inclined web mem- 
ber are given by fig. 9. The quantities for Si and St an 




Fig. 8. 

as shown, and the quantities for ^Ss are of the same alge- 
braic form except that they are of opposite sign through- 
out. For the usual position of the live load advanced from 
the ri^t into but not beyond the panel p for maximum 
stress^ the moment sums Mi and Mi equal zero^ and the 
numerical values of the maximum tension Si and jSs and 
of the maximum compression iSs are given by the following 
fonnula: 



Si,5„orS3=(^jM.-(^yAf, 



(24) 
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In a special case where the loading must be advanced 
eyond the panel p until the tension in the inclined counter- 
reb member ^2 is balanced by the dead-load compression 
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Fig. 9. 



[1 this same member, the value of ilf 2 is not zero, and the 
ormula for S2 becomes 



t 



6p/ ' " vcp^ 
Or, letting M, = [Ms - -M2), 
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Note that the coefficients of M^ and Mc in this fomn 
are the same as the coefficients for M^, and ikfsin formula (I 

The influence Une for the counter-tension in a vertii 
post is shown in Fig. 10. For the usual case, the loa< 
advances beyond the panel but not beyond the end of t? 
span. Therefore Af i is equal to zero, so that 




CoefMcientg 



+ 






/diTdi\ 



'da~di\ni 



< bp 






Fig. 10. 



r'(%'''){'^>'.-M.).K-M.. . (28) 

where K and Mq stand for the corresponding terms in the 
parentheses. In order that T be a maximum the Uve load 
must advance beyond the position for the maximum tension 
S2 until the tension as computed by formula (25) becomes 
equal to the dead-load compression in this same member. 
For this position of the live load, the value of T is thefl 
computed by using formula (26). It may be noted thai 
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some specifications state that only % of the dead-load 
compression is to be coimted as effective in comiteracting 
the live-load tension in an inchned counter-web member. 
This specification has been observed in the problem to 
follow. 

A review of the preceding formulas shows that all the 
live-load stresses may be computed by formulas (21), (22), 
(23), and (24), except the counter-tension in a vertical post 
and the tension in a floor-beam hanger. Formula (25) makes 
it possible to find readily by trial the positiou of loadmg for 
maximum counter-tension m a vertical post, and formula 
(26) gives the value of this tension. The maximum ten- 
sion in the floor-beam hanger may be found by the use of 
formulas (14a) and (15a) for pier reaction between equal 
spans. 

If the chords of the Pratt truss are parallel, there will 
be no counter-tension in any vertical post. Formula (21) 
for the stress in a horizontal chord member and formula 
(22) for the stress in the incUned end post remain unchanged. 
Formulas (23) and (24) for web stresses are simpUfied be- 
cause a = b = depth of truss. 

The formulas, therefore, for the Pratt truss with parallel 
chords are: 
Stress in horizontal chord members = 

Stress in inclined end post = Se = ~ S^ (22) 

Stress in vertical post = Sa = (y j Af 4 — \-j Mz . . . (29) 
Stress in inclined web member = 

^'=(cTK-(|)^» = ^'S^ .... (30) 

One general formula will suffice for finding the position 
of loading for maximum chord and web stresses of a Pratt 
truss with either inclined or parallel chords. The formulas 
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(21), (23), (24), (29), and (30) for these stresses are of o« 
general form 

S^iG)M^-(H)Mt (31 

where Q and H are the corresponding co^cients of X 



and A/j iu the prw**.ii«jj formulas. The rate of variation 
of 5 as the K»ad advances is 

^ - en. - HH-. - H (^ ir. - IT,) . . (28) 

When anj" one of the above stresses is a maximum, the 

\-atue of ys **'» — W*,j passes throi^ z«o as a whed is 

shifted from r^t to left of the salimt p(»nt 3 in H^ 
7. S. or 9. 

The preceding formuUs fw the Hve-Ioad stresses aie 
summarized for conN-enient reference in Art. H i»ecedii( 
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the Tables. The important dimensions and quantities in 
Figs. 7, 8, and 9 are sunmiarized in Fig. 11. If a imiform 
live load is used, the shaded areas in Fig. 11a, b and c mul- 
tiplied by the intensity of the imiform load will give the 
maximum live-load stresses. The algebraic value of any one 
of these triangular areas is convedently expressed al the 
base of the tiS^gle times y, of the given ^gebraic ordi- 
nate. The lengths of the bases of the shaded areas in Figs. 
11a and b may be readily determined by one of the con- 
structions shown in Figs. 12a and 12b, which give the po- 
sition of the unit load for zero stress in the members indi- 
cated. The proofs that these constructions locate neutral 
points are not given, for they are generally known, and 
are proved in numerous texts on bridges. (See Marburg's 
^'Framed Structures and Girders," Vol. I, page 392.) 

The application of the preceding formulas will now be 
made to the calculation of the live-load stresses in the two 
single track through Pratt trusses shown in Figs. 13 and 
14. A convenient procedure is as follows: 

1. Determine the lengths of all inclined members and 
write their values on the truss outline. 

2. Determine the values of the intercepts a as defined 
by Fig. 11 and write their values on the truss outline. 

3. Write on the truss outline the distances of the sev- 
eral panel points from the right end of the span. 

4. Write down the reciprocals of the span, panel length, 
and lengths of vertical members. 

5. Make a form for tabulating calculations and list 
members in some convenient form as is done in Figs. 13 
and 14. 

6. Calculate the numerical values of the coefficients G 
and H for the several members by use of the formulas 
already derived. 

7. Determine the position of the loading for maximum 

stress by finding the position of loading causing \jj W\ — WA 
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to pass through zero, and for this position of loading select 
from Table 2 the corresponding values of Mt and Mt. At 




the same time tabulate the length Lj of loading ca.\mS 
maximum stress as this value is used in the impact formiilt 
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i = s--, 



-300' 



8. Calculate values of S = GMt — HMt and combine 
with impact and dead-load stresses. When the dead- and 
live-load stresses are of opposite sign, the combination is 
usually not algebraic but according to the particular speci- 
fication that is used. 
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9. Find positions of loading for TnAYimnm counter-tai- 

IS in posts and compute values by use of formulas (25) 
I roa\ 



sions m 
and (26). 



Problem 1. 



Calculation of Live-load Stresses in a Pratt Truss vrith 

Inclined Chord. 

The complete data for this problem are given in Fig. 
13. Items 1 to 5 of the above method of procedure need 
no explanation. The values of the' coefficients G and H, 
the position of the loading for maximmn stress, and the 
value of the maximum stress will be determined for several 
typical members; for example, vertical post, inclined wet 
members, horizontal chords, end post, and inclined chords 

Vertical Post EF. 

Formula *S4 = (^)m4 - (-)m3 (23 

Refer to Fig. 11 for definition of dimensions. 
G = ^ = =^ (.00480) = .00373 

H = - = .0385 
P 

Try Wi at panel point 3. Use Table 2. Li = 143'. 

(C \ 00^7^ 37.5 -|- 

I TT, - W,) = -^^^ (440.0) - ^or^ = or 

Therefore Wa at 3 gives a maximum. 

S = GM, - HM, = .00373(33970) - .0385(287.5) 

= 126.7 - 11.0 = 115.7* 

T ,( , 300 300 -__ 

Impact factor = j roon ~ 4.4^ ~ 

Impact stress = .677 X 115.7 = 78.3*. 
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Inclined Web Member ED. 
i'ormula Sr = (^) M,-(^)m, .... (24) 

Refer to Fig. 11 for definition of dimensions. 

/ 4.1 9^ 

Try wz at panel point 2. Use Table 2. Li = 169'. 

(fy V 004-^1 37.5 -f- 

Therefore Ws at 2 gives a maximum. 
S = GMi - HMs = .00481(46255) - .0442(287.5) 

= 223 - 13 = 210*. 

Impact factor = 2^0 = -640 

Impact stress = .640 X 210 = 134*. 
Inclined Web Member ML. 
i'ormula S, = {^j)m, - {^)m, ... .(24) 

Refer to Fig. 9 or Fig. 11 for definition of dimensions. 



t_ 46.04 
bp 

Try Wi at panel point 6. Use Table 2. Li — 60'. 



H = r^ = ^^ (.0385) = .0493 



(rt V 00777 12.5 + 

-J- TF. - TF,) = ^ (190) - ^or^= or 

Therefore W2 at 6 gives a maximum. 
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S = GM^ - HMz = .00777(6550) - .0493(100) 

= 51 - 5 = 46*. 

300 
Impact factor = ^^ = .833 

Impact stress = .833 X 46 - 38*. 
Lower Chord Member AC = AD. 

Formula S, = (^)m4 - (^)ilf, . . . . . (21) 

Refer to Fig. 11 for definition of dimensions. 

171 ■ 

G = — = i (.03125) = .00390 
H= — = .0312 

V 

Try Wi at panel point 1. Use Table 2. Li = 200'. 

(n \ nn^QO 62.5 + 

iw,-W.).^ (682.5) - ^or^ - ™: 

Therefore Wi at 1 gives a maximum. 
S = GM, - HMs = .00390(63111) -. .0312(600) 

= 247 - 19 = 228*. 

Impact factor = -^^ = .600 



k 



Impact stress = .600 X 228 = 137*. 
End of Post BC. 

Formula S^ = — Si (22) 

S, = ^- (228) = 362*, and impact = ^^ (137) = 217*. 

Lower Chord Member AH. 
Formula S, = (^J M, - {\) M, . . . . (21) 
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Refer to Fig. 11 for definition of dimensions. 
G = -^ = I (.02632) = .00985 

H = — = .0263 

V 



Try Wn at panel point 3. Use Table 2. Li = 194'. 
/G ^ ^ \ .00985 .^^_ ^, 190 + 

Therefore Wu at 3 gives a maximum. 
S = GMi - HM» = .00985(59661) - .0263(7310) 

= 587 - 192 = 395*. 
Impact stress = 494 -S = .607 X 395 = 239*. 

Top Chord Member BG. 
Formula S^ = — S, (22) 

S, = ^^ (395) = 396*. 

Impact = -|^ (239) = 240\ 

Counter-Tension in Post at Panel Point 5. 
Formulas 
& - stress JK = (^)m. - (^)(M.-^ilf.) 

T = tension in post. 

= (-V')("^-^3)=X-ii/o (26) 

Refer to Fig. 10 for definition of dimensions. 

The calculation of the dead-load compression in JK is 
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not given, but the value is 21*. Two-thirds of this com- 
pression, or 14*, will be considered effective in counterbal- 
ancing the live-load tension in JK. The live load must be 
advanced beyond the position of maximum live-load ten- 
sion in JK {i.e., Wt at panel point 5) imtil ^2, or the stress 
in JK, equals 14*. This must be done by trial, S^ being 
figured each time by formula (25). It is found that when 
114' of loading has advanced upon the bridge, this condi- 
tion is approximately satisfied. For this position of loading 



Ma = 22261 

6 
c 



M, = (Ms-^Mz) = (2565 - 175) = 2390 

H={^) = ^ (.0385) = .0466 

Therefore, 

Si = .00580(22261) - .0466(2390) = 16*. 

This value of Si = 16* balances % D = - 14*, nearly 
enough for practical purposes. Therefore, compute T for 
this position of the live load. 

^ = ^ = -^203 

Mo = H (22261) - 2565 = 11340 
T = .00203(11340) = 23* 

Impact factor = ^ji = -725 



Impact stress for T = .725 X 23 = 17 . 

Problem 2. 
Live-load Stresses in a Pratt Truss with Parallel Chords. 

The complete data for this problem are given in Fig. 
14. Formulas (21), (29), and (30) give the values of the 
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coeflBcients G and i?, which are identical for several mem- 
bers of any Pratt truss with parallel chords. The proce- 
dure for finding the positions of the loading and maximum 
stresses is exactly as in Problem 1. It should be noted 
that 



Stress FG = Stress EF X 



iC 



u 



HI = 



BC = 



it 



ii 



GHX 



ACX 



37.54 

28 
37.54 

28 
37.54 

25 
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The stresses in all of the chord members may be checked 
by use of Table 8, and the stresses in the end post and web 
members may be checked by Table 9. The stress in CD 
agrees with the maximum pier reaction in Table 7. Table 
3 may be used to find the position of loading for maximum 
chord stresses, and Table 6 gives position of loading for 
maximum web stresses. 






I Mf K"'"f«l fon/i'jia.- ;j|; = I;. W" i^ii 5 = ^CJtf nay 
.,.».') flirccily to fiii'i \T.-: :*>>.:i-.c :£ loiuiiojE and the 



viiliid nf the iriii^iiMuiii livr-load sirt'?is in any member of 
'I UnuM'ii «liii<-liii'i< n!i siHUi as (ho influence line for this 
inmiilH-r imhI 1lit< itnlintih's jit nil salient points have been 
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determined. This method is appUed to the calculation of 
maximum Uve-load stresses for the three-hmged arch shown 
in Fig. 15. Cooper's E40 loading is used. 

First are drawn the influence Imes for the horizontal 
and vertical components of the reaction at the left hinge. 
The vertical component Fi is the same as for a simple 
span L. The horizontal component Hi equals the bending 
moment at the centre of the span L divided by the depth h. 
The influence-line ordinates for all members are now found by 
drawing five Maxwell diagrams, one of which is reproduced 
in Fig. 16. From the influence lines for Vi and Hi, the 
value of Vi is .8889 and Hi is .2187 for a one-pound load 
at Ui. The external loads acting on the left half of the 
arch are then as shown in Fig. 16a. The load line axbcya 
in Fig. 16b is drawn to a scale of 10" = 1 pound, and the 
Maxwell diagram completed in the usual way. The scaled 

TABLE A 
Influence-Line Ordinates for Three-Hinged Arch 



Members 



UoUi = 

UlU2 = 
IjoLi= , 

LdiLz = . 
LzLa^ , 
LiLh= . 
C7oLo = 

UzU = 

f/lL2 = , 

U,L4- 

H 

V 







Ordinates 




1 lb. at Ui 


1 lb. at U2 


i:ib. at Us 


1 lb. at U4 


- .403 


- .223 


- .045 


-f- .130 


- .417 


- .833 


- .286 


+ .262 


- .378 


- .756 


-1.135 


+ .189 


- .171 


- .342 


- .513 


- .685 


- .295 


- .590 


- .885 


-1.180 


+ .221 


- .264 


- .740 


-1.224 


+ .217 


+ .434 


- .408 


-1.248 


+ .164 


+ .328 


+ .491 


-1.086 


- .048 


- .096 


- .145 


- .193 


- .692 


- .384 


- .075 


+ .234 


-1.014 


- .632 


- .253 


+ .129 


+ .022 


- .955 


- .490 


- .043 


-f .075 


+ .150 


- .775 


- .317 


H- .114 


+ .226 


+ .342 


- .545 


+ .800 


+ .441 


+ .085 


- .270 


+ .019 


-f .878 


-f .350 


- .180 


.044 


- .088 


+ .986 


+ .086 


- .221 


- .442 


- .662 


+ .928 


- .206 


- .412 


- .617 


- .823 


0.2187 


0.4375 


0.6562 


0.8750 


0.8889 


0.7777 


0.6666 


0.5555 


14° 


29° 


440 


58° 



lib. atU'4 
+ .201 

+ .477 
+ .757 
+ .548 
-1.182 
-1.302 
-1.484 
-1.674 
-1.420 
+ .345 
-f .287 
+ .165 

- .076 

- .364 

- .400 

- .398 

- .324 
+ .224 
-f .657 

0.8750 

0.4444 

63° 
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values of these stresses are the influence ordinates for a 
one pound load at Ui. In an exactly similar way the in- 
fluence ordinates for a unit load at Ut, Uz, Ua, and U\ are 
determined. The influence lines are straight from U'o to 




UU' Table A gives the influence ordinates for all members 
and also for the horizontal and vertical components of the 
reaction at the left hinge. The angle 6 is the inclination 
of this reaction with the vertical. 

The calculation of the Uve-load stresses in any one mem- 
ber is typical. The member UJja is taken. The influence 
line for this member is drawn to scale in Fig. 15 by use of 
the influence ordinates from Table A. The salient points 
occur below panel points Us, Ui, and U\. The distance 
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from U» to the neutral point equals „ ' q^^ (21) = 8'.8. 

Calculation of Slopes. 

Slope oidf = 

- ( - .662) 

^ ^ = + .0105 

= - .0758 

= + .0336 

= +.0027 



jy - 


68 




gh = 


- .662 - 


(.928) 


21 




hk = 


.928 - (.224) 


21 




km = 


.224 - 
84 





mn = 








Calculation of Coefficients. 

Ci = - (.0105) = - .0105 

C2 = .0105 - ( - .0758) = + .0863 

C3 = - .0758 - (.0336) = - .1094 

C4 = .0336 - (.0027) = + .0309 

C, = .0027 - . = + .0027 

The sum of these coefficients equals zero. This agrees 
with fonnula (6) of Art. 3. 

It should be remembered, as is pointed out in Art. 3, 
that the value of these coefficients may be measiu^ed graph- 

2.59 
ically. For example, in Fig. 15 the value of C2 is -^ = 

.0863. 

By use of the fonnula -r- = SCW and Rule 1 of Art. 

3, the position of loading for maximum tension in UiLi 
may now be determined. Try wheel 3 at U4 with the load- 
ing advancing toward the left. Take the values of the load 
sums and moment sums for £^40 from Table 2. 
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j^ = XCW = - .1094(30) +,309(103) +.0027(302) = + .7 

dS 
dx 



= XCW = -.1094(50) + .309(103) +.0027(302) = - .7 



Therefore Wz at Ua gives a maximum tension in UJji, 
and its value is 

S = ZCM = -.1094(230)+.309(1846)+.0027(19001)=83*. 
By use of the formula -^ = ZCW and Rule 2 of Art. 3, 

the position of loading for maximum compression in UJji 
is now determined. Try wheel 2 at U^ with the loading 
advancing toward the right. Note that the signs of the 
coefficients remain unchanged. Take the values of the load 
sums and moment sums for ^40 from Table 2. 

-^ = 2CTF = -.0105(192) + .0863(10) = - 1.3 

-^ = XCW = -.0105(192) + .0863(30) = + 0.6 

Therefore W2 at Us gives a maximum negative stress, or 
compression, in UzLa, and its value is 

S = 2CM = -.0105(7092) + .0863(80) = - 67*. 

The above values of 83*" and 67^" for maximum tension 
and compression in l/Jj^ may be checked by use of formula 
S = qAg (2), the values of q being taken from Table 16. 

Tension XJJL^ by Equivalent Uniform Load. 
The area of the tension part of the influence line equals 

A,= 27.2 

The influence line ohkm is not triangular, but a tri- 
angular influence Une with intervals Zi = 10 ft. and 1% = 
45 ft. approximates its shape closely enough for the selec- 
tion of an equivalent uniform load. For Zi = 10' and 1% = 
45', Table 16 gives 3.080* as the equivalent uniform load. 
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Therefore, 

S =. qA,= (3.080) (27.2) = 84*. 

This value checks very closely that obtained by the 
exact method. 

Compression U3L4 by Equivalent Uniform Load. 

Choose from Table 16 the equivalent uniform load for 
h = 10 ft. and Z2 = 65 ft. From the influence line A^ = 
23.7. 

Therefore, 

S = qA,= (2.870) (23.7) = 68*. 

This checks closely the value obtained by the exact 
method. 

Calculation of other members of this arch and of some 
more compUcated framed structures shows a close agree- 
ment between the two preceding methods. The latter 
method is the simpler when a table of equivalent uniform 
loads has been made, especially in the case of the more 
complex influence lines for members of swing bridges, two- 
hinged arches, arch ribs, etc. The method of calculating 
a table of equivalent imif orm loads will be explained in the 
following article. 



ARTICLE EX. 



EQUn'ALENT XJNIFORM LOADS. 



An equivalent uniform load is one which gives the same 
stress as does a loading which is not uniform. For any 
given standard loading, the equivalent uniform load is dif- 
ferent for stresses whose influence lines diflfer. Since the 
forms of influence lines are innumerable, a table of exact 
equivalent uniform loads for all stresses is impracticable. 
A table of equivalent uniform loads, however, for stresses 
whose influence lines are triangular may be used with little 
error in selecting equivalent uniform loads for stresses whose 
influence lines are not triangular. It is, therefore, suflScient 
for practical purposes to make tables of equivalent imifpnn 
loads for a series of triangular influence lines. It may be 
shown that the equivalent uniform load for any triangular 
influence line is dependent entirely upon the intervals li 
and U, and is independent of the ordinate h at the apex 
of the influence line. Consider the triangular influence line 
in Fig. lb to be for any stress S. Let the ordinate below 
C be any value h. If q equals the equivalent uniform load 
covering h and k, 

S = qA^, orq = J- (i) 

The area of this influence line is 

^ = |(^+y = ^L (B) 

Fmthermore, if the concentrated live loads have been 
placed so as to give the maximum pier reaction between 
two spans h and kj this same position of loading will give 
maximum S, if the influence line for 5f is a triangle with the 

54 
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same intervals h and k* Since the influence ordinates for 
S are related to the influence ordinates for 22 as A is to 
unity, 

S _ h 
R ~ 1.00 

Or 

S ^^ hR (C) 

Substituting the values of A^ and S from equations (B) 
and (C) in equation (il), 

q = hR^!^L = ^ (D) 

It appears, therefore, that q is independent of h. 
From formula (16) of Art. 5, 

R = ~T M (16) 

Substituting for R in equation (D), 

« = 77 = y.x (31) 

The term Jlf is the bending moment in the span L = 
h + h sA the point where the intervals are h and k- 

Tables (10) to (18) inclusive have been calculated for 
the positions of the Uve load given by Table 3. The values 
of M were first found, then the values of 72, and finally the 
values of the equivalent uniform loads. The three formulas 
that were used in succession are 



• 



M = j^Mi + 2M,- Mi (10) 

R = ~ M (1()) 

2M 2R ,„,- 
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An example of the use of equivalent uniform loads has 
already been given in Art. 8. The general formula S = 
qA^ may be used in any case. For the special cases of 
bending moment in a beam and pier reaction between two 
simple spans, formula (31) gives 

Af - « (^) (32) 

R-»©-»(^') (») 

The quantities in the parentheses are the areas of the 
influence lines for M and R respectively. 



ARTICLE X. 

METHOD OF CALCULATING TABLE OF LOAD SUMS FOR ANY 
STANDARD LOADING. ILLUSTRATIVE EXAMPLE. 

The definitions of moment sum and load sum axe given 
at the beginning of Art. 2. It is at once evident that a 
table of load sums may be computed by adding the succes- 
sive loads. It may be shown that the table of moment 
sums may also be calculated by the process of 
addition. 

From formula (5a) of Art. 2, 

^^^ ^" dx 
Or 

dMa = Wa • dx. 

Expressed in words, the increase in the moment sum for 
an increase dx in the distance of the centre of moments 
from wheel 1 equals the had sum times dx. If the load 
sum is constant for an interval dx = 1 foot, as between con- 
centrated loads, the increase of the momenit sum for dx = 
1 foot equals the corresponding load sum. If the load sum 
is not constant, but uniformly increasing, as when the cen- 
tre of moments Ues within the uniform load, the increase 
of the moment sum for dx = 1 foot equals the average value 
of the load siun for this one foot interval. The appU- 
cation of the foregoing principles is made clear by the fol- 
lowing example. 

Example. — Give expUcit directions for the calculation of 
a table of load sums and moment sums at intervals of 1 
foot from 0' to 400' for Cooper's ^40 loading. 

Solution. — Calculate the table of load sums by adding 

57 
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the loads one by one, taJung a sub-total for each addition. 
Thus, the following numbers are added: 

1—10 

4r-2(y8 

4— 13'8 
1—10 
4—20*8 
4— 13's 
301— 2's 

If the final total checks 284 + 391 X 2 = 866, the table 
of load sums is correct. 

Assume now that the table of load sums for ^40 has 
been completed. The table of moment sums may now be 
found as directed below. The following numbers are to 
be added one by one, taking a sub-total for each addition: 

8— lO's 
5— 30'8 
5— 50'8 
5— 70's 
0— 90'8 
5— 103'8 
6— 116's 
5— 129'8 
8— 142's 
8— 152'8 
5— 172's 
5— 192's 
5— 212's 
9— 232's 
5— 245's 
6— 258's 
5— 27rs 
5— 284's 
1—285 
1—287 
1—289 



and all odd numbers up to 865. 

If the final total checks up 183,689, which is figured 
independently, the table of moment sums is correct. 

The preceding additions may be made most satisfac- 
torily on a recording adding machine. Table 2 was cal- 
culated in this way. 

It will be noted that the table of load sums serves as a 
table of differences for the table of moment sums. 



ARTICLE XI. 

SUMMARY OP FORMULAS. 

Art. 1. 

Z = 2wz (1) 

Z = qA, (2) 

Z = wXz (3) 

Z = z2w = zW (4) 

Art. 2. 

Z = 7iW„Z„ = Ca2W„X„ = CaMa (5) 

§^ - rw - diCM.) _ CJMg .. . 

dx ~ ^°^« ~ dx ~ dx ' • • • ^^^) 

AH.Z. 

SC = ■. . (6) 

S = 2CAf (7) 

f-^CW' .(8) 

Art. 4. Girder Bridge without Panels. 
End reactions. 

R,= W.-^^^ (9a) 

Bending moment for unequal segments U and ^2. 

M = -|-M, + -^ JWi - Afs (10) 

^ . i^. + 1.^, _ ^, ai) 






9 
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Bending moment at centre, /i = fc = ^ 

M - ^^±^' -M. (10.) 

^ = ^+Z!_^. (lU) 

Shear at any section. 

5 = Mi^ _jy^ (12) 

Location of centre of gravity of loading on span. 

* = W, - W, ~ (^^^ 

When Ml = 0, 

5 = ^ (13a) 



W 



3 



ilrf. 5. Pier Reaction. 
For unequal spans ii and U- 

For equal spans Zi and U equal to Z. 

R = ¥l±M^^L^. ' (14,) 

^ = ^3-hTr.-2TF, (j5^) 

Relation between 22 and M, 

R = JlM (16) 

Art. 6. Girder Bridge with Panels. 
Shear in end panel; general case. 

Sa = 77^3+iX^^i-X^2 = -^(^M3 + -^Mi - M2)(17) 
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Shear in intermediate panel; general case. 

' L p p L ^ ^ 



dS» W, W, , Wt W, 



dx L p 


P L 


Shear in intermediate panel; 


usual case. 


^ Mi Mz 
L p 


IHm.-m.) , 


dS, W, Wz 
dx L V 


^(f TF. - IT.) . , 



(20) 



(19a) 



Art. 7. Through Pratt Truss with Inclined Chord. 

Stress in hanger. Use formulas (14a) and (15a). 
Stress in any horizontal chord member; usual case. 

^' = (^)^^ - (1)^' • • • • (21) 

Compression in any inclined top chord member or end 
post; usual case. 

5. = (^)Ss (22) 

Compression in vertical post; usual case. 

«^ = (^) ^^ - (y ) ^' (23) 

Stresses in inclined web members including counters; 
usual case. 

Sr, S„ S, = (^)il/4 -{^)m, . . . (24) 

Stress in incUned counter; special case of loading ad- 
vanced bevond panel. 
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Countar-teoiHOQ in vertical post; osoal case. 

Formukts (21), (23), and (24) are of the gmeral form 

S = GM, - HMz (27) 

where the coefficients G and H mav be tabulated thus: 

90 

Type of member G H 

Horizontal chord — — 

nv V 

Vertical post j-r — 

^ bL p 

Inclined web member. . .-xt t— 

coL hp 

The rate of variation of S in formula (27) is 

^=^GW,- HW, = h{^W, - TFa) . . (28) 

When S in formulas (21), (23), or (24) is a maximum 

(G \ 

TjWi — TTi j passes through zero. 

Through Pratt Truss — Parallel Chxxrds. 
Stress in hanger, — use formulas (14a) and (15a) 

Streas in horizontal chord = So = (— JM4 — \-)Mz . (21) 
'' '' vertical post = &, = {^M,— (-)m3 • • (29) 
'' '' inclined web = >Si = (^)iW^4 - (— )^3 = ^^4 (30) 
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Stress in end post = S% = -Ss (22) 

Formulas (21), (29), and (30) are of the general form 

S = G-M,- HM, (27) 

and their rate of variation is 

dS „/G 



dx 



= h{^W4 - TF,) (28) 



G and H are the coefficients of Mt and Ms in equations (21), 
(29), and (30), respectively. 

When S in formulas (21), (29), or (30) is a maximiun, 
G 



[ffW* — Wi) passes through zero. 



Art. 9. Eqiiivalerd Uniform Loads. 

2M 2R 

^=u; = T (31) 

M = g(^) (32) 

« = l{^ = ^('-2'^) (33) 
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UVE-LOAU STRESSES 

TABLE 1 

STANDARD LOADINGS 
Loads given are lor one nUl. 
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TABLE 2 

LOAD SUMS AND MOMENT SUMS FOR COOPER'S 
AND OTHER STANDARD LOADINGS 

Note. — Load Sums and Moment Sums are given per rail in thousands 
of pounds and foot-pounds respectively. 
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LXim-LOJLD SnLESOS 



Coom's na (T-oor 



Cooracsna sor-iw 



o 
I 

2 

Z 

4 

5 

10 

11 

12 
U 
U 
15 
16 
17 
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19 

20 

21 

•23 
24 
•25 

•26 
•27 

•2S 
29 

30 
31 
32 

^ 
35 
36 
37 
3S 
38 

40 
41 
^ 
43 
44 
45 
46 
47 
48 
49 
50 



w. 1 : 10 



10 



w. 2 -20 



M 



3 2!^ 



50 



w. 4 2«) 



71) 
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w. 6 13 H« 



w 
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13 116 



w. < 13 129 
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10 
20 
30 
40 
50 
60 
7l> 
>0 
110 

140 

171) 
200 
2:50 
2S0 
330 
:380 
430 
4.S4) 
550 

620 

690 

760 

S30 

920 

1010 

1100 

1191) 

12S0 

137t) 

1460 
1.550 
1640 
1743 
tS46 
1949 
2082 
'2155 
2271 
2387 

250S 
2619 
•2r35 

•2851 
2980 
3109 
:^238 
3367 
3496 
:3638 
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51 
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55 

56 
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58 

59 

60 

61 

62 

63 

64 

65 

66 
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68 

69 

71} 

n 

t .m. 

7r> 
74 
75 
76 

78 
79 

SO 
81 
82 
S3 
84 
S5 
56 
87 
58 
S9 

90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
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11 20 172 ; 



w. 12 -20 
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w. 13 20 212 
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20 232 
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. 16 










^ 


. 17 
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245 



13 



25^ 
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3922 
4064 
4206 
4348 
4^0 
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^36 
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5240 
5392 
5514 
5696 
5818 
6020 
6192 
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6536 
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7284 
7476 
7668 
7880 
8092 
83(H 
8516 
8728 

8960 

9192 

M24 

9656 

9688 

10120 

10852 

10684 

10816 

11061 

11906 
11551 
11796 
12041 
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12815 
13073 
13331 
135S9 
13860 
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. Cooper's 


^40. 100'-150' 




Cooper's ^40. 150' 


-200' 


Length 


• I 
Wheel 


Load 


l.oad 
Suma 


Moment 
Sums 


Length 


Load 


Load 
Sums 


Moment 
Sums 


100 








13860 
14131 
14402 
14673 
14944 


150 
151 
152 
153 
154 




366 
368 
370 
372 
374 


29689 


101 








30056 


102 








30425 


103 








30796 


104 


W. 18 


13 


284 


31169 


105 








15228 
15512 
15796 
16080 
16364 

16649 


155 
156 
157 
158 
159 

160 




376 
378 
380 
382 
384 

386 


31544 


106 








31921 


107 








32300 


108 








32681 


109 






284 

* 

286 


33064 


110 






33449 


111 






288 


16936 


161 




388 


33836 


112 






290 


17225 


162 




390 


34225 


113 






292 


17516 


163 




392 


34616 


114 






294 


17809 


164 




394 


35009 


115 






296 


18104 


165 




396 


35404 


116 






298 


18401 


166 




398 


35801 


117 






300 


18700 


167 




400 


36200 


118 






302 


19001 


168 




402 


36601 


119 




■^ 


304 


19304 


169 


•4^ 


404 


37004 


120 






306 


19609 


170 


J 


406 


37409 


121 




Si 


308 


19916 


171 


^ 


408 


37816 


122 


s. 


310 


20225 


172 


410 


38225 


123 


S 


312 


20536 


173 


-3 


412 


38636 


124 


s 


314 


20849 


174 


d 


414 


39049 


125 1 1 o 


316 


21164 


175 


s. 


416 


39464 


126 




318 


21481 


176 


418 


39881 


127 ' g 


320 


21800 


177 


8 


420 


40300 


128 1 S* 


322 


22121 


178 
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40721 
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II 


324 


22444 


179 


II 


424 
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130 


"S 


326 


22769 


180 


1 


426 


41569 


131 




►3 


328 


23096 


181 


J 
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41996 


132 




330 


23425 


182 


430 


42425 


133 




332 


23756 


183 


3 
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:§ 


334 


24089 


184 


a 


434 


43289 


135 




a 


336 


24424 
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•a 


436 


43724 


136 




P 


338 


24761 


186 


p 


438 


44161 


137 






340 


25100 


187 




440 


44600 


138 






342 


25441 


188 




442 


45041 


139 






344 


25784 


189 




444 


45484 


140 






346 


26129 


190 




446 


45929 


141 






348 


26476 


191 




448 


46376 


142 






350 


26825 


192 




450 


46825 


143 






352 


27176 


193 




452 


47276 


144 






354 


27529 


194 




454 


47729 


145 






356 


27884 


195 




456 


48184 


146 






358 


28241 


196 




458 


48641 


147 




360 


28600 


197 




460 


49100 


14S 




362 


28961 


198 




462 


49561 


149 


t 


364 


29324 


199 




464 


50024 


150 






366 


29689 


200 




466 


504S9 
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Cooper's E40. 300 


'-350' 


Cooper's i^40. 350'-400' 


Tiength 


Load 


1 

Load 
Sums 


1 

Moment 
Sums 


Length 


Load 


Load 
Sums 


Moment 
Sums 


300 




666 


107089 


350 




766 


142889 


30i 




668 


107756 


351 




768 


143656 


302 




670 


108425 


352 




770 


144425 


303 




672 


109096 


353 




772 


145196 


304 




674 


109769 


354 




774 


145969 


305 




676 


110444 


355 




776 


146744 


306 




678 


111121 


356 




778 


147521 


307 




680 


111800 


357 




780 


148300 


308 




682 


112481 


358 




782 


149081 


309 




684 
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359 




784 


149864 


310 




686 


113849 


360 




786 


150649 


311 




688 


114536 


361 




788 


151436 


312 




690 


115225 


362 




790 


152225 


313 




692 


115916 


363 




792 


L53016 


314 




694 


116609 


364 




794 


15:^809 


315 




696 


117304 


365 




796 


154604 


316 




698 


118001 


366 




798 


155401 


317 


•4J 

1 


700 


118700 


367 
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156200 


318 


702 


119401 


368 


802 


157001 


319 


I 


704 
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369 


u 


804 


157804 
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^ 


706 


120809 
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158609 
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a 


708 


121516 


371 


n 

c 


808 


159416 


322 


73 

a 


710 


122225 


372 


3 

o 


810 


160225 


323 


712 


122936 
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s. 


812 


161036 


324 


g 


714 


123649 
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g 


814 


161849 


325 


♦. 


716 


124364 
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•v 


816 


162664 
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N 


718 


125081 


376 


N 
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163481 


327 


II 


720 
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164300 


328 


T3 


722 


126521 


378 


1 
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165121 


329 


J 
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127244 


379 


824 


165944 


330 


S 


726 


127969 


380 


5 


826 


166769 


331 


3 


728 


128696 


381 


^ 


828 


167596 


332 


a 


730 


129425 


382 


•a 


830 


168425 


333 


P 


732 


130156 


383 




832 


169256 


334 




734 


130889 


384 




834 


170089 


335 




733 


131624 


385 




836 


170924 


336 




738 


132361 


386 




838 


171761 


337 




740 


133100 


387 




840 


172600 


338 




742 


133841 


388 




842 


173441 


339 




744 


134584 


389 




844 


174284 


340 




746 


135329 


390 




846 


175129 


341 




748 


136076 


391 




848 


175976 


342 




750 


136825 


392 




850 


176825 


343 




752 


137576 


393 




852 


177676 


344 




754 


138329 


394 




854 


178529 


345 




756 


139084 


; 395 




856 


179384 


346 




758 


139841 


: 396 




858 


180241 


347 




760 


140600 


397 




860 


181100 


348 
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141361 


398 




862 


181961 


349 




764 


142124 


; 399 




864 


182824 


350 




766 


142889 


■ 400 

1 




866 


183689 
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Cooi 


>er'8 i^50. 0'- 

T^^j Load 
^^^ Sums 


50' 




Cooper's ^50. 50'-100' 


I^ength 


Wheel 


1 
Moment 
Sums j 


1 
Length 


Wheel 


Lowl 


Load 
Sums 


Mom^it 
Sums 





w. 1 
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• • • • 
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2 
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4 
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37.50 


100.00 
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• ■•• ••••• 
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10 


• ••• ••••• 




175.00 


60 








6550.00 


11 




• •••• •••••• 


212.50 


; 61 


' 




6740.00 


12 








2,50.00 
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6930.00 


13 


w. 3 
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62.50 


287.50 1 


63 
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14 








350.00 


64 
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215.00 
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412.50 


65 








7525.00 
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475.00 


66 








7740.00 


17 








537.50 


67 








7955.00 


18 


w. 4 


25.00 


87 . 56 


600.00 


68 








8170.00 


19 








687.50 


69 


w. 12 


25.66 


240.00 


8385.00 


20 








775.00 


70 








8625.00 


21 








862.50 


71 








8865.00 


22 








950.00 


72 








9105.00 


23 


w. 5 


25.66 


ii2.50 


1037.50 


73 








9345.00 


24 




• 




1150.00 


74 


w. 13 


25.00 


265.66 


9585.00 


25 








1262.50 


75 




• •••• •••■•• 


9^50.00 


26 








1375.00 


76 




• •••• •••••• 


10115.00 


27 








1487.50 


77 




• •••• •■■•■• 


10380.00 


28 








1600.00 


78 




1 
• •••• ••••■• 


10645.00 


29 








1712.50 


79 


w. 14 


25.00 290.00 


10910.00 


30 








1825.00 


80 








11200.00 


31 








1937.50 


81 




• •••• •••••• 


11490.00 


32 


w. 6 


16.25 


128 . 75 


2050.00 


82 




• •••• 1 •••••• 


11780.00 


33 








2178.75 


83 




• • • • • 




12070.00 


34 








2307.50 


84 








12360.00 


35 






. . J.. . . 


2436.25 


85 








12650.00 


36 








2565.00 


86 








12940.00 


37 


w. 7 


16.25 


145.00 


2693.75 


87 








13230.00 


38 








2838.75 


88 


w. 15 


16.25 


306.25 


13520.00 


39 


.... 






2983.75 


89 








13826.25 


40 








3128.75 


90 








14132.50 


41 








3273.75 


91 








14438.75 


42 








3418.75 


92 








14745.00 


43 


w. 8 


i6.25 


161.25 


3563.75 


93 


w. 16 


16.25 


322.50 


15051.25 


44 









3725.00 


94 








15373.75 


45 




• •■•• •■•••• 


3886.25 


95 








15696.25 


46 








4047.50 


96 









16018.75 


47 








4208.75 


97 


■ 




16341.25 


48 


w. 9 


16.25 


177 . 50 


4370.00 


98 








16663.75 


49 








4547.50 


99 


w. 17 


i6.25 


338 . 75 


16986.25 


50 








4725.00 


100 








17325.00 
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Cooper's ^50. 100'-150' 



Cooper's ^50. 150'-200' 



LeDgth 



100 
101 
102 
103 
104 
105 
106 
107 
108 
109 

110 
111 
112 
113 
114 
115 
116 
117 
118 
119 

120 
121 
122 
123 
124 
125 
126 
127 
128 
129 

130 
131 
132 
133 
134 
135 
136 
137 
138 
139 

140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 



Wheel 



Load 



w. 18 16.25 



■3 



a 



II 

I 



Load 
Sums 



355.00 



355.00 

357.50 
360.00 
362.50 
365.00 
367.50 
370.00 
372.50 
375.00 
377.50 
380.00 

382.50 
385.00 
387.50 
390.00 
392.50 
395.00 
397.50 
400.00 
402.50 
405.00 

407.50 
410.00 
412.50 
415.00 
417.50 
420.00 
422.50 
425.00 
427.50 
430.00 

432.50 
435.00 
437.50 
440.00 
442.50 
445.00 
447.50 
450.00 
452.50 
455.00 
457.50 



Moment 
Sums 


Length 


Load 


17S?5.00 


150 




17663.75 


151 




18002.50 


152 




18341.25 


153 




18680.00 


154 




19035.00 


155 




19390.00 


156 




19745.00 


157 




20100.00 


158 




20455.00 


159 




20811.25 


160 




21170.00 


161 




21531.25 


162 




21895.00 


163 




22261.25 


164 




22630.00 


165 




23001.25 


166 




23375.00 


167 


1 


23751.25 


168 


24130.00 


169 


I 


24511.25 


170 


24895.00 


171 


g 


25281.25 


172 


a 


25670.00 


173 


26061.25 


174 


s 


26455.00 


175 




26851.25 


176 


II 


27250.00 


177 


II 


27651.25 


178 


28055.00 


179 


s 


28461.25 


180 


1 


28870.00 


181 


3 


29281.25 


182 


29695.00 


183 


30111.25 


184 


. 


30530.00 


185 




30951.25 


186 




31375.00 


187 




31801.25 


188 




32230.00 


189 




32661.25 


190 




33095.00 


191 




33531.25 


192 




33970.00 


193 




34411.00 


194 




34855.00 


195 




35301.25 


196 




35750.00 


197 




36201.25 


198 




36655.00 


199 




37111.25 


200 





Load 
Sums 



457.50 
460.00 
462.50 
465.00 
467.50 
470.00 
472.50 
475.00 
477.50 
480.00 

482.50 
485.00 
487.50 
490.00 
492.50 
495.00 
497.50 
500.00 
502.50 
505.00 

507.50 
510.00 
512.50 
515.00 
517.50 
520.00 
522.50 
525.00 
527.50 
530.00 

532.50 
535.00 
537.50 
540.00 
542.50 
545.00 
547.50 
550.00 
552.50 
555.00 

557.50 
560.00 
562.50 
565.00 
567.50 
570.00 
572.50 
575.00 
577 . 50 
580.00 
582.50 



Moment 
Sums 



37111.25 
37570.00 
38031.25 
38495.00 
38961.25 
39430.00 
39901.25 
40375.00 
40851.25 
41330.00 

41811.25 
42295.00 
42781.25 
43270.00 
43761.25 
44255.00 
44751.25 
45250.00 
45751.25 
46255.00 

46761.25 
47270.00 
47781.25 
48295.00 
48811.25 
49330.00 
49851.25 
50375.00 
50901.25 
51430.00 

51961.25 
52495.00 
53031.25 
53570.00 
54111.25 
54655.00 
55201.25 
55750.00 
56301.25 
56855.00 

57411.25 
57970.00 
58531.25 
59095.00 
59661.25 
60230.00 
60801.25 
61375.00 
61951.25 
62530.00 
63111.25 
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Cooper's E50. 200-250' 



Cooper's JJ50. 250'-300 



1 

1 1 


McHnent 
Sums 


I^Kth Lcmd 1 ^ 


Moment 
Sums 


200 




582.50 


63111.25 


■ 250 i 


707. 5U 


95361.25 


201 




585.00 


63695.00 


251 i 


710.00 


96070.00 


202 




687.50 


64281.25 


: 252 ! 


712.50 


96781.25 


203 




590.00 


64870.00 


I 253 i 


715.00 


97495.00 


204 




592.50 


65461.25 


254 


717.50 


98211.25 


205 




595.00 


66055.00 


1 255 ; 


720.00 


98930.00 


206 




597.50 


66651.25 


256 = 


722.50 


99651.25 


207 




600.00 


67250.00 


257 




725.00 


100375.00 


208 




602.50 


67851.25 


258 




727.50 


101101.25 


209 




605.00 


68455.00 


259 

1 • 




730.00 


101830.00 


210 




. 607.50 


69061.25 


260 




732.50 


102561.25 


211 




610.00 


69670.00 


; 261 




735.00 


103295.00 


212 




612.50 


70281.25 


262 


737.50 


104031.25 


213 




615.00 


70895.00 


26:i : 


740.00 


104770.00 


214 




617.50 


71511.25 


264 


742.50 


105511.25 


215 




620.00 


72130.00 


265 ' 


745.00 


106255.00 


216 




622.50 


72751.25 


266 1 


747.50 


107001.25 


217 


4J 


625.00 


73375.00 


207 w 750.00 


107750.00 


218 


g 


627 . 50 


74001.25 


268 8 ' 752.50 


108501.25 


219 t 

1 fm 


630.00 


74630.00 


209 t 755.00 


109255.00 


220 1 


632.50 


75261.25 


270 ?* 757.50 


110011.25 


221 -S 


635.00 


75895 . 00 


271 -i 760.00 


110770.00 


222 § 


637.50 


76531.25 


272 5 762.50 


111531.25 


223 8, 


640.00 


77170.00 


273 §,765.00 


112295.00 


224 2 


642.50 


77811.25 


274 o ; 767.50 


113061.25 


225 ; s 


645.00 


78455.00 


275 S ; 770.00 


113830.00 


226 <N 


647.50 


79101.25 


276 <N ; 772.50 


114601.25 


227 , II 


650.00 


79750.00 


277 II 775.00 


115375.00 


228 -ri 


652.50 


80401.25 ! 


278 - 777.50 


116151.25 


229 




655.00 


81055.00 


279 5 780.00 


116930.00 


230 


657.50 


81711.25 


280 "2 782.50 

281 I 785.00 


117711.25 


231 


660.00 


82370.00 


118495.00 


232 


3 

'mm 


662.50 


83031.25 


282 S 787 . 50 


119281.25 


233 


a 


665.00 


83695.00 i 


283 ^3 : 790.00 


120070.00 


234 


667.50 


84361.25 


284 i i 792.50 


120861.25 


235 


670.00 


85030.00 


285 1 i 795.00 


121655.00 


236 




672.50 


85701.25 


286 ; 797.50 


122451.25 


237 




675.00 


86375.00 


287 




800.00 


123250.00 


238 




677.50 


87051.25 


288 




802.50 


124051.25 


239 




680.00 


87730.00 


289 




805.00 


124855.00 


240 




682.50 


88411.25 


290 




807.50 


125661.25 


241 




685.00 


89095.00 ' 


291 


810.00 


126470.00 


242 




687.50 


89781.25 


292 


812.50 


127281.25 


243 




690.00 


90470.00 


293 815.00 


128095.00 


244 




692.50 


91161.25 


294 817.50 


128911.25 


245 




695.00 


91855.00 


295 820.00 


129730.00 


246 




697.50 


92551.25 


296 822 . 50 


130551.25 


247 




700.00 


93250.00 


297 825.00 


131375.00 


248 




702.50 


93951.25 


298 827.50 


132201.25 


249 


! 705.00 


94655.00 


299 


830.00 


133030.00 


250 


707.50 


95361.25 


300 




832.50 


133861.25 



LIVE-LOAD STRESSES 
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Cooper's J5:50. 300'-350' 


C 

Length 


ooper'i 

Load 


3 J5:50. 350'-400' 


Length 


Load 


Load 
Sums 


Moment 
Simis 


Load 
Sums 


Moment 
Sums 


300 




832.50 


133861.25 


350 




957.50 


178611.25 


301 




835.00 


134695.00 


351 




960.00 


179570.00 


302 




837.50 


135531.25 


352 




962.50 


180531.25 


303 




840.00 


136370.00 


353 




965.00 


181495.00 


304 




842.50 


137211.25 


354 




967.50 


182461.25 


305 




845.00 


138055.00 


355 




970.00 


183430.00 


306 




847.50 


138901.25 


356 




972.50 


184401.25 


307 




850.00 


139750.00 


357 




975.00 


185375.00 


308 




852.50 


140601.25 


358 




977.50 


186351.25 


309 




855.00 


141455.00 


359 




980.00 


187330.00 


310 




857.50 


142311.25 


360 




982.50 


188311.25 


311 




860.00 


143170.00 


361 




985.00 


189295.00 


312 




862.50 


144031.25 


362 




987.50 


190281.25 


313 




865.00 


144895.00 


363 




990.00 


191270.00 


314 




867.50 


145761.25 


364 




992.50 


192261.25 


315 




870.00 


146630.00 


365 




995.00 


193255.00 


316 




872.50 


147501.25 


366 




997.50 


194251.25 


317 


•*^ 


875.00 


148375.00 


367 


"g 


1000.00 


195250.00 


318 


8 


877.50 


149251.25 


368 


s 


1002.50 


196251.25 


319 




880.00 


150130.00 


369 


«4-l 


1005.00 


197255.00 


320 


882.50 


151011.25 


370 




1007.50 


198261.25 


321 


-3 


885.00 


151895.00 


371 




1010.00 


199270.00 


322 


d 


887.50 


152781.25 


372 


§ 


1012.50 


200281.25 


323 


a 


890.00 


153670.00 


373 


o 


1015.00 


201295.00 


324 




892.50 


154561.25 


374 




1017.50 


202311.25 


325 


u5 


895.00 


155455.00 


375 


s 


1020.00 


203330.00 


326 


•* 


897.50 


156351.25 


376 


(N 


1022.50 


204351.25 


327 


li 


900.00 


157250.00 


377 


II 


1025.00 


205375.00 


328 


& 


902.50 


158151.25 


378 


••3 


1027.50 


206401.25 


329 


905.00 


159055.00 


379 


1030.00 


207430.00 


330 


907.50 


159961.25 


380 


1032.50 


208461.25 


331 


910.00 


160870.00 


381 


1035.00 


209495.00 


332 


•a 

1 


912.50 


161781.25 


382 


1037.50 


210531.25 


333 


915.00 


162695.00 


383 




1040.00 


211570.00 


334 


917.50 


163611.25 


384 


1042.50 


212611.25 


335 




920.00 


164530.00 


385 




1045.00 


213655.00 


336 




922.50 


165451.25 


386 




1047.50 


214701.25 


337 




925.00 


166375.00 


387 




1050.00 


215750.00 


338 




927.50 


167301.25 


388 




1052.50 


216801.25 


339 




930.00 


168230.00 


389 




1055.00 


217855.00 


340 




932.50 


169161.25 


390 




1057.50 


218911.25 


341 




935.00 


170095.00 


391 




1060.00 


219970.00 


342 




937.50 


171031.25 


392 




1062.50 


221031.25 


343 




940.00 


171970.00 


393 




1065.00 


222095.00 


344 




942.50 


172911.25 


394 




1067.50 


223161.25 


345 




945.00 


173855.00 


395 




1070.00 


224230.00 


346 




947.50 


174801.25 


396 




1072 . 50 


225301.25 


347 




950.00 


175750.00 


397 




1075.00 


226375.00 


348 




952 . 50 


176701.25 


398 




1077.50 


227451.25 


849 




955.00 


177655.00 


399 




1080.00 


228530 . 00 


350 




957 . 50 


178611.25 


400 




1082.50 


229611.25 
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LIVE*IX>AD STRESSES 



CcxMo's E&k (y-SO" 



CoonMS Em. 50'-100' 




1 
2 
3 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 



w. 1 15 



w. 2 



w. 3 



w. 4 



w. 5 



w. 9 



30 



30 



30 



30 



w. 6 19 



w. 7 19 



w. 8 19 



19 



15i) 







I 











105.0 



45.0 



00.00 

15.00 

30.00 

45.00 

60.00 

75.00 

90.00 

105.00 

120.00 

165.00 



. t 



75.0! 



210.00 
255.00 
300.00 
345.00 
420.00 
495.00 
570-00 
615.00 
720.00 
825.00 



930.00 
1035.00 
1140.00 
135.0; 1245.00 
13S0.00 
1515.00 
1650.00 
1785.00 
1920.00 
2055.00 



5 154.5 



r4.0 



193.5 



213.0 



2190.00 
2325.00 
2460.00 
2614.50 
2769.00 
2923.50 
3078-00 
3232.50 
3406.50 
3580.50 

3754.50 
3928.50 
4102.50 
4276.50 
4470.00 
4663.50 
4857.00 
5050.50 
5244.00 
5457.00 
5670.00 



50 
51 
52 
53 
51 
55 
56 
57 
58 
59 

60 
61 
62 
63 
64 
65 
66 
67 
68 
69 

70 
71 
72 

rs 

74 
75 
76 
i i 

78 
79 

80 
81 
S2 
83 
84 
85 
86 
87 
88 
89 

90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 



Moment 
Sums 



W 



10 15.0 228.0 



11 30-0 258.0 



12 30.0 288.0 



13 30.0 318.0 



14 30.0 348.0 



15 



16 



17 



I . 



19.5 



19.5 



367.5 



19.5 



387.0 



406.5 



5670.00 
5883.00 
6096.00 
6309.00 
6522.00 
6735.00 
6948.00 
7176.00 
7404.00 
7632.00 

7860.00 
8088.00 
8316.00 
8544.00 
8772.00 
9030.00 
9288.00 
9546.00 
9804.00 
10062.00 

10350.00 
10638.00 
10926.00 
11214.00 
11502.00 
11820.00 
12138.00 
12456.00 
12774.00 
13092.00 

13440.00 
13788.00 
14136.00 
14484. OQ 
14832.00 
15180.00 
15528.00 
15876.00 
16224.00 
16591.00 

16959.00 
17326.50 
17694.00 
18061.50 
18448.00 
18835.50 
19222.50 
19609.50 
19996.50 
20383.50 
20790.00 
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Cooper's EGO, 100'-150' 



Cooper's EeO. 150'-200' 



Length 



Wbeel 



100 
101 
102 
108 
104 
105 
106 
107 
108 
109 

110 
111 
112 
113 
114 
115 
116 
117 
118 
119 

120 
121 
122 
123 
124 
125 
126 
127 
128 



Load 



Load 
Sums 



W. 18 



C 
3 



129 


CO 




II 


130 
131 
132 


1 


133 


s 


134 


1 


135 




136 


P 


137 




138 




139 




140 




141 




142 




143 




144 




145 




146 




147 




148 




149 




150 





19.5 426.0 



426.0 

429.0 
432.0 
435.0 
438.0 
441.0 
444.0 
447.0 
450.0 
453.0 
456.0 

459.0 
462.0 
465.0 
468.0 
471.0 
474.0 
477.0 
480.0 
483.0 
486.0 

489.0 
492.0 
495.0 
498.0 
501.0 
504.0 
507.0 
510.0 
513.0 
516.0 

519.0 
522.0 
525.0 
528.0 
531.0 
534.0 
537.0 
540.0 
543.0 
546 . 
549 . 



Moment 
Sums 



Load 



20790.00 
21196.50 
21603.00 
22009.50 
22416.00 
22842.00 
23268.00 
23694.00 
24120.00 
24546.00 

24973.50 
25404.00 
25837.50 
26274.00 
26713.50 
27156.00 
27601.50 
28050.00 
28501.50 
28956.00 

29413.50 
29874.00 
30337.50 
30804.00 
31273.50 
31746.00 
32221.50 
32700.00 
33181.50 
33666.00 

34153.50 
34644.00 
35137.50 
35634.00 
36133.50 
36636.00 
37141.50 
37650.00 
38161.50 
38676.00 



39193 
39714 
40237 
40764 
41293 
41826 
42361 
42900 
43441 
43986 
44533 



50 
00 
50 
00 
50 
00 
50 
00 
50 
00 
50 



^^^\ I^ j sSS 



150 
151 
152 
153 
154 
155 
156 
157 
158 
159 

160 
161 
162 
163 
164 
165 
166 
167 
168 
169 

170 
171 
172 
173 
174 
175 
176 
177 
178 
179 

180 
181 
182 
183 
184 
185 
186 
187 
188 
189 

190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
2(K) 



I 

I 

00 

a 

CO 
II 

Q 

o 



549.0 
552.0 
555.0 
558.0 
561.0 
564.0 
567.0 
570.0 
573.0 
576.0 

579.0 
582.0 
585.0 
588.0 
591.0 
594.0 
597.0 
600.0 
603.0 
006.0 

609.0 
612.0 
615.0 
618.0 
621.0 
624.0 
627.0 
630.0 
633.0 
636.0 

639.0 
642.0 
645.0 
648.0 
651.0 
654.0 
657.0 
660.0 
663.0 
666.0 

669.0 
672.0 
675.0 
678.0 
681.0 
684.0 
687.0 
690.0 
693.0 
696.0 
699.0 



Moment 
Sums 



44533.50 
45084.00 
45637.50 
46194.00 
46753.50 
47316.00 
47881.50 
48450.00 
49021.50 
49596.00 

50173.50 
60754.00 
51337.50 
51924.00 
52513.50 
53106.00 
53701.50 
54300.00 
54901.50 
55506.00 

56113.50 
56724.00 
57337.50 
57954.00 
58573.50 
59196.00 
59821.50 
60450.00 
61081.50 
61716.00 

62353.50 
62994.00 
63637.50 
64284.00 
64933.50 
65586.00 
66241.50 
66900.00 
67561.50 
68226.00 

68893.50 
69564.00 
70237.50 
70914.00 
71593.50 
72276.00 
72961.50 
73650.00 
74341.50 
75036.00 
75733 . 50 
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LIVE-LOAD STRESSES 






Cooper's i^^OO. _ 200;-250' 


Co< 
Ungth 


>per'.s Em. 250 


'-30(y 


Length ' Lo«d 


Load 
Sunui 


Moment 
Sums 


Load 


Load 
Sums 


Moment 
Sums 


200 


699.0 


75733.50 


250 




849.0 


114433.50 


201 i 


702.0 


76434.00 


251 




852.0 


115284.00 


202 




705.0 


77137.50 


252 




855.0 


116137.50 


20:{ 




708.0 


77844.00 


2.5.3 




858.0 


116994.00 


204 


711.0 


78553.50 


254 




861.0 


117853.50 


205 




714.0 


79266.00 


, 2.55 




864.0 


118716.00 


206 




717.0 


79981.50 


; 256 




867.0 


119581.50 


207 




720.0 


80700.00 


; 257 




870.0 


120450.00 


208 




723.0 


81421.50 


1 258 




873.0 


121321.50 


209 




726.0 


82146.00 


, 259 




876.0 


122196.00 


210 




729.0 


82873.50 


260 




879.0 


123073.50 


211 




732.0 


83604.00 


261 




882.0 


123954.00 


212 




735.0 


84337.50 


, 262 




885.0 


124837.50 


213 




738 . 


85074.00 


1 263 




888.0 


125724.00 


214 




741.0 


85813.50 


264 




891.0 


126613.50 


215 




744.0 


86556.00 


' 265 




894.0 


127506.00 


21(5 




747.0 


87301.50 


266 




897.0 


128401.50 


217 




750.0 


88050.00 


267 


foot 


900.0 


129300.00 


218 


3 753.0 


88801.50 


, 268 


903.0 


130201.50 


219 


I 

a 


756.0 


89556.00 


: 269 


u 
o 


906.0 


131106.00 


220 


759.0 


90313.50 


270 


ndn p 


909.0 


132013.50 


221 


762.0 


91074.00 


i 271 


912.0 


132924.00 


222 


1 765.0 


91837.50 


: 272 


nod 


915.0 


133837.50 


223 


8. 


7(i8 . 


92604 . 00 


273 


918.0 


134754.00 


224 


o 


771.0 


93373 . 50 


i 274 


Q 


921.0 


135673.^ 


225 


9% 


774.0 


94146.00 


275 


•s 


924.0 


136596.00 


226 


CO 


777.0 


94921.50 


276 


CO 


927.0 


137521.50 


227 


II 


780.0 


95700.00 


' 277 


II 


930.0 


138450.00 


228 


•a 


783.0 


96481.50 


278 




933.0 


139381.50 


229 


J 


786.0 


97266.00 


279 


n 

2 


936.0 


140316.00 


230 B 


789.0 


98053.50 


280 




939.0 


141253.50 


231 


b 


792.0 


98844.00 


281 


^ 


942.0 


142194.00 


232 




795.0 


99637.50 


i 282 




945.0 


143137.50 


233 


mm 


798.0 


100434 . 00 


283 


p 


948.0 


144084.00 


234 




801.0 


101233 . 50 


1 284 




951.0 


145033.50 


235 




804.0 


102036.00 


1 285 




954.0 


145986.00 


236 




807.0 


102841.50 


i 286 




957.0 


146941.50 


237 




810.0 


103650 . 00 


287 




960.0 


147900.00 


238 




813.0 


104461.50 


288 




963.0 


148861.50 


239 




816.0 


105276 . 00 


289 




966.0 


149826.00 


240 




819.0 


106093.50 


290 




969.0 


150793.50 


241 




822.0 


106914 . 00 


291 




972.0 


151764.00 


242 




825.0 


107737 . 50 


i 292 




975.0 


152737.50 


243 




828.0 


108564.00 


293 




978.0 


153714.00 


244 




831.0 


109393 . 50 


i 294 




981.0 


154693.50 


245 




834.0 


110226.00 


i 295 




984.0 


155676.00 


246 




837.0 


111061.50 


296 




987.0 


156661.50 


247 




840.0 


111900.00 


297 




990.0 


157650.00 


248 




843 . 


112741.50 


298 




993.0 


158641.50 


249 , 


846.0 


1 13586. (X) 


299 




996.0 


159636.00 


250 


1 


849 . 


114433.50 


3(X) 




999.0 


160633.50 
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Cooper 


*s E60. , 


300'-350' 


Cooper's 


EOO. 350'-«)0' 


Length 


Load 


Load 
Sums 


Moment 
Sums 


Length 


T-_j Load 
^^*^ Sumii 


Moment 
Sums 


300 




999.0 


160633.50 


350 




1149.0 


214333.50 


301 




1002.0 


161634.00 


351 




1152.0 


215484.00 


302 




1005.0 


162637.50 


352 




1155.0 


216637.50 


303 




1008.0 


163644.00 


353 




1158.0 


217794.00 


304 




1011.0 


164653 . 50 


354 




1161.0 


218953.50 


• 305 




1014.0 


165666.00 


355 




1164.0 


220116.00 


306 




1017.0 


166681.50 


356 




1167.0 


221281.50 


307 




1020.0 


167700.00 


357 




1170.0 


222450.00 


308 




1023.0 


168721.50 


358 




1173.0 


223621.50 


309 




1026.0 


169746.00 


359 




1176.0 


224796.00 


310 




1029.0 


170773.50 


360 




1179.0 


225973.50 


311 




1032.0 


171804.00 


361 




1182.0 


227154.00 


312 




1035.0 


172837.50 


362 




1185.0 


228337.50 


313 




1038.0 


173874.00 


363 




1188.0 


229524.00 


314 




1041.0 


174913.50 


364 




1191.0 


230713.50 


315 




1044 . 


175956.00 


365 1 


1194.0 


231906.00 


316 




1047 . 


177001 . 50 


360 




1197.0 


233101.50 


317 


•4^ 


1050.0 


178050.00 


367 


.^ 


1200.0 


234300.00 


318 


8 


1053.0 


179101 . 50 


368 


o 


1203.0 


235501 . 50 


319 


§3 


1056.0 


180156.00 


369 


«2 


1206.0 


236706.00 


320 


r0\ 


1059.0 


181213.50 


370 


K 


1209.0 


237913.50 


321 




1062.0 


182274 . 00 


371 




1212.0 


239124.00 


322 


d 


1065.0 


183337 . 50 


372 


d 

3 


1215.0 


240337.50 


323 


a 


1038 . 


184404.00 


373 


o 


1218.0 


241554.00 


324 




1071.0 


185473 . 50 


374 


1221.0 


242773.50 


325 


g 


1074.0 


186546.00 


375 


g 


1224.0 


243996 . 00 


326 


CO 


1077 . 


187621.50 


376 


CO 


1227.0 


245221.50 


327 


II 


1080.0 


188700.00 


377 


II 


1230.0 


246450.00 


328 


TS 


1083.0 


189781 . 50 


378 


11 


1233.0 


247681.50 


329 


J 

a 


1086.0 


190866.00 


379 


^ 

^ 

^ 


1236.0 


248916.00 


330 


1089.0 


191953.50 


380 


1239.0 


250153.50 


331 


1092.0 


193044.00 


381 


s 


1242.0 


251394.00 


332 


^ 


1095.0 


194137 . 50 


382 


£ 


1245.0 


252637.50 


333 




1098.0 


195234 . 00 


383 


• ^4 

d 


1248.0 


253884.00 


334 


1101.0 


196333 . 50 


384 


^ 


1251.0 


255133.50 


335 




1104.0 


197436.00 


385 




1254.0 


256386.00 


336 




1107.0 


198541.50 


386 




1257.0 


257641.50 


337 




1110.0 


199650.00 


387 




1260.0 


258900.00 


338 




1113.0 


200761 . 50 


388 




1263.0 


260161.50 


339 




1116.0 


201876.00 


389 




1266.0 


261426.00 


340 




1119.0 


202993.50 


390 




1269 . 


262693 . 50 


341 




1122.0 


204114.00 


391 




1272.0 


263964 . 00 


342 




1125.0 


205237 . 50 


392 




1275.0 


265237.50 


343 




1128.0 


206364.00 


393 




1278.0 


266514.00 


344 




1131.0 


207493.50 


394 




1281.0 


267793.50 


345 




1134.0 


208626.00 


395 




1284.0 


269076.00 


346 




il37.0 


209761.50 


396 




1287 . 


270361.50 


347 




1140.0 


210900.00 


397 




1290.0 


271650.00 


348 




1143.0 


212041 . 50 


398 




1293.0 


272941.50 


349 




1146.0 


213186.00 


399 




1296.0 


274236 . 00 


350 




1149.0 


214333.50 

1 


400 




1299.0 


275533 . 50 



80 



LIVE-LOAD STRESSES 





Common Standard 0'-50' 


Common Standard 50-100' 


Length 


1 


Moment 
Sums 


Length 


Wheel 


La 


Sums 


Moment 
Sums 





W. 1 


12 


.5 12.5 


00.00 


50 








5120.00 


1 






• • • • • • • 


12.60 


51 








5312.50 


2 






» • • • • • • 


25.00 


52 








5505.00 


3 






K • ■ • • • • 


37.50 


53 






• • • • • • 


5697.50 


4 






• ■ • • « • 


50.00 


54 








5890.00 


5 






• • • • • • 


62.50 


55 






• 


6082.50 


6 






• • • ■ • • 


75.00 


56 


w'. id 


vi. 


5 205.6 


6275.00 


7 






• • • • ■ • 


87.50 


57 








6480.00 


8 


' w * i 


27 


5 40.0 


100.00 


58 








6685.00 


9 






■ • • • • • 


140.00 


59 








6890.00 


10 






• • • • • • 


180.00 


60 








7095.00 


11 






• • • • • • 


220.00 


61 








7300.00 


12 






• • « • • • 


260.00 


62 








7505.00 


13 


w. 3 


27 


5 67.5 


300.00 


63 








7710.00 


14 






■ • • • • • 


367.50 


64 


w". ii 


21. 


5 232.5 


7915.00 


15 






• • • • • • 


435.00 


65 








8147.50 


16 






• • • • • ■ 


502.50 


66 








8380.00 


17 






• ■ • • • • 


570.00 


67 








8612.50 


18 


w. 4 


27 


.5 95.0 


637.50 


68 








8845.00 


19 


,,,,,, 




» • • • • • • 


732.50 


69 


w'. 12 


27! 


5 260.6 


9077.50 


20 






» • • • • • • 


827 . 50 


70 






• • • • • • 


9337.50 


21 






» • • • • • • 


922.50 


71 




• • 


• • • • • • 


9597.50 


22 








1017.50 


72 




« • « 


■ • • • • • 


9857.50 


23 


w. 5 


27 


5 i22.5 


1112.50 


73 




• • 


• • • • • • 


10117.50 


24 






• • • • • • 


1235 . 00 


74 


w'. 13 


27 


5 287.5 


10377.50 


25 






• • • • • • 


1357 . 50 


75 




• • 


• • • • • • 


10665.00 


26 






• • • • • ■ 


1480.00 


76 




• • 


• ■ • • • • 


10952.50 


27 






• • • • • ■ 


1602.50 


77 




• • 


1 • • • • • ■ 


11240.00 


28 






» • • • • • • 


1725.00 


78 




• • 


» • • • • • ■ 


11527.50 


29 






• • • • • ■ 


1847 . 50 


79 


*w*. i'4 


27 


5 315.0 


11815.00 


30 






• • • • • • 


1970.00 


80 






» • • • • • • 


12130.00 


31 






• • • • • • 


2092 . 50 


81 






1 • • • • • • 


12445.00 


32 


w. 6 


i7 


5 140.0 


2215.00 


82 






1 • • • • • • 


12760.00 


33 






» • • • • • • 


2355.00 


83 






> • ■ • • • • 


13075.00 


34 






• • • • • • 


2495.00 


84 






■ ■ • • • • • 


13390.00 


35 






• • • • • • 


2635.00 


85 






» • • • ■ • • 


13705.00 


36 








2775.00 


86 






• • • • • • 


14020.00 


37 


' w.' 7 


VI 


5 i57.5 


2915.00 


87 






» • • • • • • 


14335.00 


38 






• • • • • • 


3072.50 


88 


*w". i's 


i7 


5 332.5 


14650.00 


39 






• • • • • • 


3230.00 


89 






■ • • • • ■ 


14982.50 


40 






• • • ■ • • 


3387 . 50 


90 






■ • • • • • 


15315.00 


41 






• • • • • • 


3545.00 


91 








15647.50 


42 








3702.50 


92 






• • a • • • 


15980.00 


43 


w. 8 


VJ 


.5 i75.6 


3860.00 


93 


*w'. 16 


i7 


5 350.0 


16312.50 


44 


• ••••• 




• • • • ■ • 


4035.00 


94 






■ • • • • • 


16662.50 


45 






• * • • • ■ 


4210.00 


95 






• 


17012.50 


46 






> • • • • • • 


4385.00 


96 








17362.50 


47 






R ■ • • • • ■ 


4560.00 


97 






• • • • ■ ■ 


17712.50 


48 


w. 9 


\i 


.5 192.5 


4735.00 


98 






• • • • • • 


18062.50 


49 








4927 . 50 


99 


w'. iV 


\i 


5 367.5 


18412.50 


50 







■ ■ • • • • ■ 


5120.00 


100 




• • 


• • • ■ • • 


18780.00 



LrVE-LOAO STRESSES 
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Common Standard 100-150' 


Common Standard 


150'-200' 


Length 


Wheel 


Load 


Load 
Sums 


Moment 
Sums 


Length 


Load 


Load 
Suma 


Moment 
Sums 


100 




• • • • 




18780.00 


150 




487.5 


40061.25 


101 




• • • a 




19147.50 


151 




490.0 


40550.00 


102 




■ ■ ■ • 




19515.00 


152 




492.5 


41041.25 


103 




• • • ■ 




19882.50 


153 




495.0 


41535.00 


104 


*w*. 18 


17.5 


385!6 


20250.00 


154 




497.6 


42031.25 


105 




• • • • 




20635.00 


155 




500.0 


42530.00 


106 




• • • • 




21020.00 


156 




502.5 


43031.25 


107 




• • • • 




21405.00 


157 




505.0 


43536.00 


108 




• • • • 




21790.00 


158 




507.6 


44041.25 


109 






385!6 


22175.00 


159 




510.0 


44660.00 


110 






387.5 


22561.25 


160 




512.6 


46061.25 


111 






390.0 


22950.00 


161 




515.0 


46675.00 


112 






392.5 


23341.25 


162 




517.5 


46091.25 


113 






395.0 


23735.00 


163 




520.0 


46610.00 


114 






397.5 


24131.25 


164 




522.5 


47131.25 


115 






400.0 


24530.00 


165 




525.0 


47666.00 


116 




^^ 


402.5 


24931.25 


166 


1 


527.5 


48181.25 


117 




8 


405.0 


25335.00 


167 


530.0 


48710.00 


118 




*2 


407.5 


25741.25 


168 


1 

en 


532.5 


49241.26 


119 




a 


410.0 


26150.00 


169 


535.0 


49775.00 


120 




OQ 


412.5 


26561.25 


170 


*** 

g 

a 


537.5 


60311.25 


121 






415.0 


26975.00 


171 


540.0 


60860.00 


122 






417.5 


27391.25 


172 


542.5 


51391.25 


123 




M4 


420.0 


27810.00 


173 


s 


545.0 


61935.00 


124 




422.5 


28231.25 


174 


•« 


547.5 


62481.25 


125 




cf 


425.0 


28655.00 


175 




550.0 


53030.00 


126 




II 


427.5 


29081.25 


176 


II 


552.5 


53581.25 


127 




II 


430.0 


29510.00 


177 


"S 


555.0 


64135.00 


128 




1 


432.5 


29941.25 


178 


J 

1 


557.5 


64691.25 


129 




3 


435.0 


30375.00 


179 


560.0 


55260.00 


130 




1 


437.5 


30811.25 


180 


562.5 


65811.25 


131 




£ 


440.0 


31250.00 


181 




565.0 


66375.00 


132 




a 

1 


442.5 


31691.25 


182 


P 


567.5 


66941.25 


133 




t3 


445.0 


32135.00 


183 




570.0 


67610.00 


134 






447.5 


32581.25 


184 




572.5 


68081.25 


135 






450.0 


33030.00 


185 




575.0 


68655.00 


136 






452.5 


33481.25 


186 




577.5 


59231.25 


137 






455.0 


33935.00 


187 




580.0 


59810.00 


138 






457.5 


34391.25 


188 




582.5 


60391.25 


139 






460.0 


34850.00 


189 




585.0 


60975.00 


140 






462.5 


35311.25 


190 




587.5 


61561.25 


141 






465.0 


35775.00 


191 




590.0 


62150.00 


142 






467.5 


36241.25 


192 




592.5 


62741.25 


143 






470.0 


36710.00 


193 




595.0 


63335.00 


144 






472.5 


37181.25 


194 




597.5 


63931.25 


145 






475.0 


37655.00 


195 




600.0 


64530.00 


146 






477.5 


38131.25 


196 




602.5 


65131.25 


147 






480.0 


38610.00 


197 




605.0 


65735.00 


148 






482.5 


39091.25 


198 




607.5 


66341.25 


149 






485.0 


39575.00 


199 




610.0 


66950.00 


150 






487.5 


40061.25 

1 


200 




612.5 


67561.25 



82 



LTVE-LOAD STRESSES 



Common Standard 200-250' 


Common Standard 250'-300' 


Lmffth 


Load 


Load 
. Sums 


Moment 
Sums 


Length 


Load 


Tioad 
Sums 


1 

Moment 
Sums 


200 




612.5 


67561.25 


250 




737.5 


101311.25 


201 




615.0 


68175.00 


251 




740.0 


102050.00 


202 




617.5 


68791.25 


252 




742.5 


102791.25 


203 




620.0 


69410.00 


253 




745.0 


103535.00 


204 




622.5 


70031.25 


254 




747.5 


104281.25 


205 




625.0 


70655 . 00 


255 




750.0 


105030.00 


206 




627.5 


71281.25 


250 




752.5 


105781.25 


207 




630.0 


71910.00 


257 




755.0 


106535.00 


208 




632.5 


72541.25 


258 




757.5 


107291.25 


209 




635.0 


73175.00 


259 




760.0 


108050.00 


210 


• 


637.5 


73811.25 


200 




762.5 


108811.25 


211 




640.0 


74450.00 


201 




765.0 


109575.00 


212 




642.5 


75091.25 


202 




767.5 


110341.25 


213 




645.0 


75735.00 


203 




770.0 


111110.00 


214 




647.5 


70381.25 


204 




772.5 


111881.25 


215 




650.0 


77030.00 


265 




775.0 


112655.00 


216 




652.5 


77081.25 


260 


•fA 

1 


777.5 


113431.25 


217 


J 


655.0 


78335 . 00 


207 


780.0 


114210.00 


218 




657.5 


78991.25 


208 


t-^ 


782.5 


114991.25 


219 


660.0 


79050.00 


209 




785.0 


115775.00 


220 




662 . 5 


80311.25 


270 


J5 
T3 


787.5 


116561.25 


221 


c 


(m5 . 


80975 . 00 


271 


d 


790.0 


117350.00 


222 


a 


607.5 


81041.25 


272 


o 

P4 


792.5 


118141.25 


223 




670 . 


82310.00 


273 




795.0 


118935.00 


224 


o 


672 . 5 


82981.25 


274 


s 


797.5 


119731.25 


225 


(N 


675 . 


83055.00 


275 




800.0 


120530.00 


226 


II 


077 . 5 


84331.25 


270 


II 


802.5 


121331.25 


227 


'S 


680.0 


85010.00 


* 277 


"S 


805.0 


122135.00 


228 


? 


682 . 5 


85091.25 


278 


3 
g 


807.5 


122941.25 


229 


1 


685.0 


80375 . 00 


279 


810.0 


123750.00 


230 


087.5 


87001.25 


280 


812.5 


124561.25 


231 


1 


090.0 


87750.00 


281 


rt3 


815.0 


125375.00 


232 


092 . 5 


88441.25 


282 


P 


817.5 


126191.25 


233 




095.0 


89135.00 


283 




820.0 


127010.00 


234 




097.5 


89831.25 


284 




822.5 


127831.25 


235 




700.0 


90530.00 


285 




825.0 


128655.00 


236 




702.5 


91231.25 


280 




827.5 


129481.25 


237 




705.0 


91935.00 


287 




830.0 


130310.00 


238 




707.5 


92041.25 


288 




832.5 


131141.25 


239 




710.0 


93350 . 00 


289 




835.0 


131975.00 


240 




712.5 


94001.25 


290 




837.5 


132811.25 


241 




715.0 


94775.00 


291 




840.0 


133650.00 


242 




717.5 


95491.25 


292 




842.5 


134491.25 


243 




720.0 


96210.00 


293 




845.0 


135335.00 


244 




722.5 


90931.25 


294 




847.5 


136181.25 


245 




725.0 


97055 . 00 


295 




850.0 


137030.00 


246 




727.5 


98381.25 


296 




852.5 


137881.25 


247 




730.0 


99110.00 


297 




855.0 


138735.00 


248 




732.5 


99841.25 


298 




857.5 


139591.25 


249 




735.0 


100575.00 


299 




860.0 


140450.00 


250 




737.5 


101311.25 

1 


300 


• 


862.5 


141311.25 



LIVE-LOAD STRESSES 



83 



Common Standard 300-350' 


Common Standard 350'-400' 


Length 


Load 


Load 
Sums 


1 

' Moment 
Sums 


Length 


Load 


Load 
Sums 


Moment 
Sums 


300 




862.5 


141311.25 


350 




987.50 


187561.25 


301 




865.0 


142175.00 


351 




990.00 


188550.00 


302 




867.5 


143041.25 


352 




992.50 


189541.25 


303 




870.0 


143910.00 


353 




995.00 


190535.00 


304 




872.5 


144781.25 


354 




997.50 


191531.25 


305 




875.0 


145655.00 


355 




1000.00 


192530.00 


306 




877.5 


146531.25 


356 




1002.50 


193531.25 


307 




880.0 


147410.00 


357 




1005.00 


194535.00 


30S 




882.5 


148291.25 


358 




1007.50 


195541.25 


309 




885.0 


149175.00 


359 




1010.00 


196550.00 


310 




887.5 


150061.25 


360 




1012.50 


197561.25 


311 




890.0 


150950.00 


361 




1015.00 


198575.00 


312 




892.5 


151841.25 


362 




1017.50 


199591.25 


313 




895.0 


152735.00 


363 




1020.00 


200610.00 


314 




897.5 


153631.25 


364 




1022.50 


201631.25 


315 




900.0 


154530.00 


365 




1025.00 


202655.00 


316 




902.5 


155431.25 


366 




1027.50 


203681.25 


317 


<»^ 


905.0 


156335.00 


367 


•4^ 


1030.00 


204710.00 


318 


s 


907.5 


157241.25 


368 


J 


1032.50 


205741.25 


319 


«4M 
P4 


910.0 


158150.00 


369 




1035.00 


206775.00 


320 


912.5 


159061.25 


370 


K 


1037.50 


207811.25 


321 


^ 
'O 


915.0 


159975.00 


371 


J5 


1040.00 


208850.00 


322 


1 


917.5 


160891.25 


372 


1 


1042.50 


209891.25 


323 


a 


920.0 


161810.00 


373 


a 


1045.00 


210935.00 


324 


922.5 


162731.25 


374 


1047 . 50 


211981.25 


325 


s 


925.0 


163655.00 


375 


8 


1050.00 


213030.00 


326 




927.5 


164581.25 


376 


^3 


1052 . 50 


214081.25 


327 


CM 

II 


930.0 


165510.00 


377 


11 


1055.00 


215135.00 


328 


-s 

1 

a 


932.5 


166441.25 


378 


'S 


1057.50 


216191.25 


329 


935.0 


167375.00 


379 


03 • 


1060.00 


217250.00 


330 


937.5 


168311.25 


380 


1062.50 


218311.25 


331 


940.0 


169250.00 


381 




1065.00 


219375.00 


332 


942.5 


170191.25 


382 


1 


1067.50 


220441.25 


333 


945.0 


171135.00 


383 


1070.00 


221510.00 


334 


m^^ 


947.5 


172081.25 


384 


1072 . 50 


222581.25 


335 




950.0 


173030.00 


385 




1075.00 


223655.00 


336 




952.5 


173981 . 25 


386 




1077 . 50 


224731.25 


337 




955.0 


174935.00 


387 




1080.00 


225810.00 


338 




957.5 


175891.25 


388 




1082.50 


226891 . 25 


339 




960.0 


176850.00 


389 




1085.00 


227975.00 


340 




962.5 


177811.25 


390 




1087.50 


229061.25 


341 




965.0 


178775 . 00 


391 




1090.00 


230150.00 


342 




967.5 


179741 . 25 


392 




1092.50 


231241.25 


343 




970.0 


180710.00 


393 




1095.00 


232335.00 


344 




972.5 


181681.25 


394 




1097.50 


233431.25 


345 




975.0 


182655 . 00 


395 




1100.00 


234530.00 


346 




977.5 


183631 . 25 


396 




1102.50 


235631.25 


347 




980.0 


184610.00 


397 




1105.00 


236735 . 00 


34S 




982.5 


185591.25 


398 




1107.50 


237841.25 


349 




985.0 


186575.00 


399 




1110.00 


238950 . 00 


350 




987.5 


187561 . 25 


400 




1112.50 


240061.25 



84 



LrV£-LOAD STRESSES 



Lackawa^txa O'-oO' 



LACKAWA3n(A aO'-lOO^ 




1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
60 



w. 1 11 



11.03 



w. 2 i 25 36.001 



w. 3 25 61.00 



w. 4 25 86.00 



w. 5 I 25 111.00 



w. 6 



w. 7 



w. 8 



w. 9 



14 



14 



14 



14 



125.00 



139.00 



153.00 



167.00 



00.000 
11.000 
22.000 
33.000 
44.000 
55.000 
66.000 
77.000 
113.000 
149.000 

185.000 
221.000 
257.000 
318.000 
379.000 
440.000 
501.000 
562.000 
648.000 
734.000 

820.000 
906.000 
992.000 
1103.000 
1214.000 
1325 . 000 
1436.000 
1547.000 
1658.000 
1769.000 

1880.000 
1991.000 
2116.000 
2241.000 
2366.000 
2491.000 
2616.000 
2755 . 000 
2894 . 000 
3033 . 000 

3172.000 
3311.000 
3464.000 
3617.000 
3770.000 
3923.000 
4076 . 000 
4243.000 
4410.000 
4577 . 000 
4744 . 000 



50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

60 
61 
62 
63 
64 
65 
66 
67 
68 
69 

70 
71 
72 
73 
74 
75 
76 
77 
78 
79 

80 
81 
82 
83 
84 
85 
86 
87 
88 
89 

90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 




w. 10 11 178.00 



I w. 11 : 25 ,203.001 



w. 12 25 



w. 13 



w. 14 



w. 15 



w. 16 



w. 17 



w. 18 



25 



25 



14 



4744. OGO 
4911.000 
5078.000 
5245.000 
5412.000 
5590.000 
5768.000 
5M6.000 
6124.000 
6302.000 



14 



14 



14 



6480.000 
6658.000 
6861.000 
7064.000 
7267.000 
7470.000 
228.001 7673-000 
7901.000 
8129.000 
8357.000 



253.00 



278.00 



292.00 



306.00 



320.00 



334.00 



8585.000 

8813.000 

9066.000 

9319.000 

9572.000 

9825.000 

10078.000 

10356.000 

10634.000 

10912.000 

11190.000 
11468.000 
11746.000 
12024.000 
12302.000 
12580.000 
12872.000 
13146.000 
13456.000 
13748.000 

14040.000 
14346.000 
14652.000 
14958.000 
15264.000 
15570.000 
15890.000 
16210.000 
16530.000 
16850.000 
17170.000 
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Lackawanna 100'-150' 



Lackawanna 150-200' 



Length 


Wheel 


Load 


Load 
Sums 


103 


w. 18 


14 


334.00 


101 




• • 




102 


• • • • • • 


• • 




103 




• • 




104 






334! 66 


105 






336.25 


106 






338.50 


107 






340.75 


108 






343.00 


109 






345.25 


110 






347.50 


111 






349.75 


112 






352.00 


113 






354.25 


114 






356.50 


115 






358.75 


116 






361.00 


117 




J 


363.25 


118 




365.50 


119 




1. 


367.75 


120 




a* 


370.00 


121 




372.25 


122 




374.50 


123 




a 


376.75 


124 




i 


379.00 


125 




381.25 


126 




^ 

M 


383.50 


127 




n 


385.75 


128 




1 


388.00 


129 




390.25 


130 




392.50 


131 




394.75 


132 




^ 


397.00 


133 




t§ 


399.25 


134 




401.50 


135 






403.75 


136 






406.00 


137 






408.25 


138 






410.50 


139 






412.75 


140 






415.00 


141 






417.25 


142 






419.50 


143 






421.75 


144 






424.00 


145 






426.25 


146 






428.50 


147 






430.75 


148 






433.00 


149 






435.25 


150 






437 . 50 



Moment 
Sums 



17170.000 
17504.000 
17838.000 
18172.000 
18506.000 
18841 . 125 
19178.500 
19518.125 
19860.000 
20204.125 

20550.500 
20899 . 125 
21250.000 
21603.125 
21958.500 
22316.125 
22676 . 000 
23038.125 
23402 . 500 
23769 . 125 

24138.000 
24509 . 125 
24882 . 500 
25258 . 125 
25636 . 000 
26016 . 125 
26398 . 500 
26783 . 125 
27170.000 
27559 . 125 

27950.500 
28344 . 125 
28740.000 
29138.125 
29538 . 500 
29941 . 125 
30346 . 000 
30753 . 125 
31162.500 
31574.125 

31988.000 
32404 . 125 
32882 . 500 
33243 . 125 
33666 . 000 
34091 . 125 
34518.500 
34948 . 125 
35380.000 
35814.125 
36250 . 500 



Length 


Load 


Load 
Sums 


150 




437.50 


151 




439.75 


152 




442.00 


153 




444.25 


154 




446.50 


155 




448.75 


156 




451.00 


157 




453.25 


158 




455.50 


159 




457.75 


160 




460.00 


161 




462.25 


162 




464.50 


163 




466.75 


164 




469.00 


165 




471.25 


166 




473.50 


167 




475.75 


168 


478.00 


169 




480.25 


170 


m 


482.50 


171 




484.75 


172 


3 


487.00 


173 




489.25 


174 


s 


491.50 


175 


493 . 75 


176 


c^ 


496.00 


177 


II 


498.25 


178 




500.50 


179 


502.75 


180 


505.00 


181 


507.25 


182 


a 


509.50 


183 


511.75 


184 


514.00 


185 




516.25 


186 




518.50 


187 




520.75 


188 




523.00 


189 




525.25 


190 




527.50 


191 




529.75 


192 




532.00 


193 




534.25 


194 




536.50 


195 




538.75 


196 




541.00 


197 




543.25 


198 




545.50 


199 




547 . 75 


200 




550.00 



Moment 
Sums 



36250.500 
36689.125 
37130.000 
37573 . 125 
38018.500 
38466 . 125 
38916.000 
39368.125 
39822.500 
40279.125 

40738.000 
41199.125 
41662.500 
42128.125 
42596.000 
43066 . 125 
43538 . 500 
44013 . 125 
44490.000 
44969 . 125 

45450 . 500 
45934 . 125 
46420.000 
46908 . 125 
47398 . 500 
47891 . 125 
48386 . 000 
48883 . 125 
49382 . 500 
49884 . 125 

50338.000 
50894 . 125 
51402.500 
51913.125 
52426.000 
52941 . 125 
53458.500 
53978.125 
54500.000 
55024 . 125 

55550.500 
56079 . 125 
56610.000 
57143.125 
57678 . 500 
58216.125 
58756.000 
59298 . 125 
59842.500 
60389 . 125 
60938 . 000 



86 



LIVE-LOAD STRESSES 



L.%rx.\irAXXA 200-250' 



LACKAWAsncA 250^-^00' 



200 
201 
202 
2fl8 
2W 
2»K 
205 
207 
208 
20d 

210 
211 
212 
213 
214 
21.> 
21»> 
217 
21S 
210 

220 
221 

222 
223 
22\ 
225 
226 
227 
228 
229 

230 
231 
232 
233 
2:M 
235 
236 
237 
238 
239 

24f) 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 



il 



550.00 
552.25 
5M.50 
556.75 
559.00 
561.25 
563.50 
565.75 
568.00 
570.25 



572.50 
574 . 75 
577.00 
579 25 
5.>1.50 
-ySi . 75 
586.00 
588 -25 
590.50 
592.75 

595.00 
597.25 

601 . 75 
6(M.OO 
606.25 
608.50 
610.75 
613.00 
615.25 



50 



.iO 



617 

619 

622.00 

624 25 

626.50 

628.75 

631.00 

633.25 

635.50 

637.75 

640.00 
W2.25 
644.50 
W6.75 
649.00 
651.25 
653.50 
655.75 
658.00 
660.25 
662.50 



60938.000 
614S9.125 
62012.500 
62598.125 
63156.000 
63716.125 
61278.500 
64843.125 
6.M10.000 
65079.125 



66550.500 

67124.125 

67700.000 

68278-125 

68858.500 

6M41.125 

0026.000 

0613 . 125 

1202.500 

1794.125 



2388.000 
•2984.125 
3582.500 
4183.125 
4786.000 
5391 . 125 
5998.500 
1)608. 1-25 
7220.000 
7834 . 1-25 



250 
251 



J^50 
9069 
9690. 
80313 
80938. 
81566 
82196. 
82828. 
83462 
84099. 

84738. 

85379. 

86022. 

86668. 

87316. 

87966. 

88618. 

89273, 

89930 

90589 

91250 



500 
125 
000 
125 . 
500 ; 

125,; 

000 I! 
125 i 
500 
125 

000 

125 

500 

125 

000 

125 i 

500 

125 

000 

125 

500 



>r 



*r^ I 



253 
254 
255 
256 
257 
258 
259 

•260 
•261 
•262 
26:} 
•2l>t 
•265 
266 
•267 
•26S 
•269 

270 
•271 
272 
273 
•274 
275 
276 
•277 
•278 
279 

•2S0 
•281 
•282 
283 
284 
285 
286 
287 
288 
289 

290 
•291 
292 
•293 
294 
295 
296 
•297 
298 
299 
300 



X 



3 

B 









662.50 
664.75 
667.00 
669.25 
671.50 
673.75 
676.00 
678.25 
680.50 
682.75 

685.00 
687 25 
689.50 
691.75 
694.00 
696.25 
698.50 
"00.75 
03.00 
05.25 

707.50 
"09.75 
12.00 
14.25 
16.50 
18.75 
21.00 
23.25 
25.50 
727.75 

30.00 
32.25 
34.50 
36.75 
739.00 
741.25 
743.50 
745.75 
748.00 
750.25 

752.50 
754.75 
757.00 
759.25 
761.50 
763.75 
766.00 
768.25 
770.50 
772 . 75 
775.00 



91250.500 
91914.125 
92580.000 
93248.125 
93918.500 
91591.125 
95266.000 
95943.125 
96622.500 
97304.125 

97988.000 
98674 . 125 
99362.500 
00053.125 
00746.000 
01441 . 125 
02138.500 
02838.125 
03540.000 
04244.125 

05950.500 
05659.125 
06370.000 
07083 . 125 
07798.500 
08516.125 
09236.000 
09958.125 
10682.500 
11409.125 

12138.000 
12869.125 
13602.500 
14338.125 
15076.000 
15816.125 
16558.500 
17303.125 
18050.000 
18799.125 

19550.500 
20304.125 
21060.000 
21818.125 
22578.500 
23341 . 125 
24106.000 
24873 . 125 
25642.500 
26414.125 
27188.000 
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Lackawanna 300'-350' 



Lackawanna 350'-400' 



Length 



Load 



Load 
Sums 



300 
301 
302 
303 
304 
305 
306 
307 
308 
309 

310 
311 
312 
313 
314 
315 
316 
317 
318 
319 

320 
321 
322 
323 
324 
325 
326 
327 
328 
329 

330 
331 
332 
333 
334 
335 
336 
337 
338 
339 

340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 



a 

II 

a 



775.00 
777.25 
779.50 
781.75 
784.00 
786.25 
788.50 
790.75 
793.00 
795.25 

797.50 
799.75 
802.00 
804.25 
806.50 
808.75 
811.00 
813.25 
815.50 
817.75 

820.00 
822.25 
824.50 
826.75 
829.00 
831.25 
833.50 
835.75 
838.00 
840.25 

842.50 
844 . 75 
847.00 
849.25 
851.50 
853.75 
856.00 
858.25 
860.50 
882 . 75 

865.00 

867.25 
869.50 
871.75 
874 . 00 
876 . 25 
878.50 
880.75 
883.00 
885 . 25 
887 . 50 



Moment | 
Sums ' 


Length 


Ix)ad 


127188.000 


350 




127964 . 125 


351 




128742.500 


352 




129523.125 


353 




130306.000 


354 




131091 . 125 


355 




131878.500 


356 




132668.125 


357 




133460.000 


358 




134254.125 


359 




135050.500 


360 




135849.125 


361 




136650.000 


362 




137453 . 125 


363 




138258.500 


364 




139066 . 125 


365 




139876.000 


366 




140688.125 


367 




141502 . 500 


368 


1 


142319.125 


369 




143138.000 


370 




143959 . 125 


371 


144782.500 


372 


t 


145608 . 125 


373 


a 


146436.000 


374 




147266 . 125 


375 


c^ 


148098.500 


376 




148933 . 125 


377 


II 


149770.000 


378 


J 


150609.125 


379 


151450.500 


380 


152294.125 


381 


o 


153140.000 


382 




153988.125 


383 


^ 


154838 . 500 


384 


^^ 


155691 . 125 


385 




156546.000 


386 




157403.125 


387 




158262.500 


388 




159124.125 


389 




159988.000 


390 




160854.125 


391 




161722.500 


392 




162593.125 


393 




163466.000 


394 




164341 . 125 


395 




165218.500 


396 




166098.125 


397 




166980.000 


398 




167864.125 


399 




168750. 5(K) 


400 





Load 
Sums 



887.50 
889.75 
892.00 
894.25 
896.50 
898.75 
901.00 
903.25 
905.50 
907.75 

910.00 
912.25 
914.50 
916.75 
919.00 
921.25 
923.50 
925.75 
928.00 
930.25 

932.50 
934.75 
937.00 
939.25 
941.50 
943.75 
946.00 
948.25 
950.50 
952.75 

955.00 
957.25 
959.50 
961.75 
964.00 
966.25 
968.50 
970.75 
973.00 
975.25 

977.50 
979.75 
982.00 
984 . 25 
986 . 50 
988 . 75 
991.00 
993 . 25 
995 . 50 
997 . 75 
1000.00 



Moment 
Sums 



168750.500 
169639.125 
170530.000 
171423 . 125 
172318.500 
173216.125 
174116.000 
175018.125 
175922.500 
176829.125 

177738.000 
178649.125 
179562.500 
180478.125 
181396.000 
182316.125 
183238.500 
184163.125 
185090.000 
186019 . 125 

186950.500 
187884 . 125 
188820.000 
189758 . 125 
190698 . 500 
191641 . 125 
192586.000 
193533 . 125 
194482 . 500 
195434.125 

196388.000 
197344 . 125 
198302.500 
199263 . 125 
200226.000 
201191.125 
202158.500 
203128.125 
204100.000 
205074 . 125 

206050 . 500 
207029 . 125 
208010.000 
208993 . 125 
209978 . 500 
210966.125 
211956.000 
212948 125 
213942.500 
214939 125 
21593S.(KM) 
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TABLE 3 
Position or Cooper's Lo.u>ixg8 fob Maximuu 
Shorlpr Segment I| 



GbnbkaL Notes. — Tbe table livm vbeol tor nudmura for uiy Btm* whidi h> 
Inauenn 11b«. 

la eaae of two unequal gBfments. the liv« ]o«d ipproodKa oa the loriEcr set 
where wheel ii overlined. when live loai iipprDIchee on iharter eeiment. 

Wbaa both eesmeote ere eocb (f^aWr than 142 It., advanee loud on lonier a 
and upon next segDMnt until wheel No. I is within 33 feet ot the far eid ol the UtI 
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TABLE 4 

Position op Cooper's Loadings por Absolute Maximxtm Bending Moment 

IN Girder Bridges Without Panels 



S 
c 
span. 
w 
a 
b 



Span in feet. 

Distance in feet that wheel No. 1 has moved to left beyond centre of 

wheel under which absolute maximum bending moment occurs, 
distance that ti; is to left from centre of span. 
w " right 



(( 



tt 



n 



tl 



(I 



It 



s 


c 


w 


a 


b 


0' to 8'.5 


S'.OO 


2 


O'.OO 


• • • • 


8.5 " 11.1 


9.25 


2 


1.25 


• • • • 


11.1 " 18.7 


13.00 


3 


0.00 


• • • • 


18.7 " 27.6 


14.25 


3 


1.25 


■ • • • 


27.6 " 34.9 


13.39 


3 


0.39 


• • • • 


34.9 " 38.7 


17.06 


4 


• • • ■ 


0.94 


38.7 " 48.6 


• 18.21 


4 


0.21 


• • • ■ 


48.6 " 53.7 


19.45 


4 


1.45 




53.7 " 58.4 


74.13 


13 


0.13 


• • • • 


58.4 " 63.2 


75.37 


13 


1.37 


• • • • 


63.2 " 70.00 


74.07 


13 


0.07 


• • • • 



Note. — For spans greater than 70 feet, the maximum centre moment equals the absolute 
maximum bending moment with an error of less than one per cent. 



TABLE 5 

Position op Cooper's Loadings for Maximum End Shear in Girder 

Bridges Without Panels 



Span 


Direction Load 
Moves 


Position of 
Load 


Location of 
Maximum Shear 


O'to 23' 
23 " 27 
27 " 46 
46 " 62 
62 " 400 


Right to left 
Right to left 
Right to left 
Right to left 
Right to left 


W2 at left end 
w& at right end 
Wi at left end 
Wu at left end 
W2 at left end 


Left end 
Right end 
Left end 
Left end 
Left end 
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PrnmoN OP Cooper'i? Loadings for Maximum Sheab in Panels of Girder 

AND Trchh Hrioges 



Note. — Flue Ubulited wheel at riiht and of vomspandini puiel with tocomoUve td- 
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TABLE 7 

Maximxtm Moments, Shears, and Pier Reactions for Cooper*s 

Standard Loadings 

(Figures for One Rail) 





£40 






£50 


Span 


Max. 
Moment 


Max. Shears 


Max. 

Pier 

React. 


Max. 
Moment 


Max. Shears 


Max. 

Pier 
React. 




End 


KPt. 


Cent. 


End 


HPt. 


Cent. 


10 


56.3 


30.0 


20.0 


10.0 


40.0 


70.4 


37.5 


25.0 


12.5 


50.0 


11 


65.7 


32.7 


20.9 


10.9 


43:7 


82.1 


40.9 


26.1 


13.6 


54.5 


12 


80.0 


35.0 


21.7 


11.7 


46.7 


100.0 


43.8 


27.1 


14.6 


58.4 


13 


95.0 


36.9 


22.3 


12.3 


49.2 


118.8 


46.2 


27.9 


15.4 


61.6 


14 


110.0 


38.6 


23.6 


12.9 


52.2 


137.5 


48.2 


29.5 


16.2 


65.2 


15 


125.0 


40.0 


25.0 


13.3 


54.7 


156.3 


50.0 


31.3 


16.6 


68.3 


16 


140.0 


42.5 


26.3 


13.7 


56.9 


175.0 


53.1 


32.9 


17.1 


71.1 


17 


155.0 


44.7 


27.4 


13.8 


58.8 


193.8 


55.9 


34.3 


17.3 


73.5 


18 


170.0 


46.7 


28.3 


13.9 


60. 7t 


212.5 


58.3 


35.4 


17.4 


75.9 


19 


186.6 


48.4 


29.2 


14.0 


62.9 


233.3 


60.5 


36.5 


17.5 


78.6 


20 


206.3 


50.0 


30.0 


14.0 


65.6 


257.9 


62.5 


37.5 


17.5 


81.9 


21 


226.0 


51.4 


31.4 


14.5 


68.0 


282.5 


64.3 


39.2 


18.1 


84.9 


22 


245.7 


52.7 


32.7 


15.0 


70.2 


307.1 


65.9 


40.9 


18.8 


87.6 


23 


265.4 


53.9 


33.9 


15.4 


72.2 


331.8 


67.4 


42.4 


19.3 


90.2 


24 


285.2 


55.4 


35.0 


15.8 


74.0 


356.5 


69.3 


43.8 


19.8 


92.4 


25 


305.0 


56.8 


38.0 


16.2 


75.7 


381.3 


71.0 


45.0 


20.2 


94.6 


28 


324.8 


58.1 


36.9 


16.5 


77.7 


406.0 


72.6 


46.1 


20.6 


97.1 


27 


344.6 


59.2 


37.8 


16.9 


80.2 


430.8 


74.0 


47.2 


21.1 


100.1 


28 


365.5 


60.4 


38.6 


17.1 


82.3 


456.9 


75.5 


48.2 


21.4 


102.8 


29 


388.0 


61.6 


39.3 


17.4 


84.4 


485.0 


76.9 


49.1 


21.8 


105.4 


30 


410.5 


63.0 


40.0 


17.7 


86.3 


513.0 


78.8 


50.0 


22.1 


107.9 


31 


432.9 


64.4 


40.7 


18.2 


88.5 


541.1 


80.5 


50.9 


22.7 


110.6 


32 


455.4 


65.7 


41.3 


18.8 


91.0 


569.3 


82.1 


51.8 


23.4 


113.7 


33 


477.9 


66.9 


42.0 


19.2 


93.3 


597.4 


83.7 


52.5 


24.0 


116.7 


34 


500.6 


68.1 


42.8 


19.7 


95.5 


625.8 


85.1 


53.5 


24.6 


119.4 


35 


523.0 


69.2 


43.5 


20.1 


97.5 


653.8 


86.5 


54.4 


25.1 


122.0 


36 


548.6 


70.6 


44.1 


20.6 


99.6 


685.8 


88.2 


55.1 


25.8 


124.4 


37 


574.3 


71.9 


44.8 


21.0 


101.5 


717.9 


89.8 


56.0 


26.2 


126.9 


38 


600.0 


73.1 


45.4 


21.3 


103.7 


750.0 


91.4 


56.7 


26.6 


129.7 


39 


626.6 


74.3 


46.0 


21.7 


105.9 


783.3 


92.9 


57.5 


27.1 


132.3 


40 


655.6 


75.4 


48.8 


22.0 


108. q 
110.0 


819.5 


94.3 


58.5 


27.5 


135.0 


41 


684.6 


76.8 


47.5 


22.3 


855.8 


96.0 


59.4 


27.9 


137.6 


42 


713.6 


78.4 


48.2 


22.6 


112.1 


892.0 


97.6 


60.2 


28.3 


140.2 


43 


742.6 


79.4 


48.9 


22.9 


114.3 


928.3 


99.2 


61.1 


28.6 


142.9 


44 


771.6 


80.6 


49.5 


23.2 


116.5 


964.5 


100.7 


61.9 


29.0 


145.6 


45 


800.6 


81.7 


50.1 


23.4 


118.6 


1000.8 


102.1 


62.6 


29.3 


148 . 3 


46 


829.8 


82.8 


50.7 


23.7 


120.7 


1037.3 


103.5 


63.4 


29.6 


150.9 


47 


858.6 


83.8 


51.4 


23.9 


122.7 


1073.3 


104.9 


64.2 


29.9 


153.4 


48 


887.6 


85.0 


52.1 


24.2 


124.81 


1109.5 


106.3 


65.1 


30.2 


156.0 


49 


918.8 


86.1 


52.8 


24.5 


126.8 


1148.5 


107.7 


66.0 


30.6 


158.5 


50 


950.9 


87.2 


53.5 


24.9 


128.7 


1188.6 


109.0 


66.8 


31.1 


161.0 


51 


983.1 


88.4 


54.1 


25.2 


131.0 


1228 . 9 


110.4 


67.6 


31.5 


163.6 


52 


1015.2 


89.3 


54.8 


25.5 


133.3 


1269 . 


111.8 


68.5 


31.9 


166.6 


53 


1047.4 


90.5 


55.4 


25.8 


135.6 


1309.2 


113.1 


69.2 


32.3 


169.6 
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TABLE r.—Cantinited 

Maximitm Moments, Shears and Pier Reactions for Cooper's 

Standard Loadings 



(Figures for One Rail) 





E40 


£50 


Span 


Max. 
Moment 


Max. Shears 


Max. 

Pier 

React. 


Max. 
Moment 


Max. Shears 


Max. 




End 


KPt. 


Cent. 


End 


MPt. 


Cent. 


Pier 
React. 


98 


3106.5 


147.5 


85.0 


38.8 


233.6 


3883.1 


184.3 


106.2 


48.5 


292.0 


99 


3162.3 


148.8 


85.8 


39.1 


235.4 


3952.9 


186.0 


107.2 


48.9 


294.2 


100 


3219.9 


150.0 


86.6 


39.4 


237.2 


4024.9 


187.5 


108.2 


49.2 


296.5 


101...... 


3277.6 


151.2 


87.3 


39.6 


238.9 


4097.0 


189.0 


109.1 


49.5 


298.6 


102...... 


3335.9 


152.4 


88.1 


39.9 


240.6 


4169.9 


190.6 


110.1 


49.9 


300.8 


103 


3410.6 


153.7 


88.8 


40.1 


242.4 


4263.3 


192.1 


111.0 


50.1 


303.0 


104 


3475.2 


154.9 


89.5 


40.4 


244.2 


4344.0 


193.6 


111.9 


50.5 


305.3 


105 


3537.6 


156.1 


90.3 


40.6 


246. C 


4422.0 


195.1 


112.7 


50.7 


307.5 


106 


3600.3 


157.3 


90.9 


40.9 


247.8 


4500.4 


196.6 


113.6 


51.1 


309.8 


107 


3666.6 


158.5 


91.7 


41.1 


249.6 


4583.3 


198.1 


114.5 


51.5 


312.0 


108 


3745.3 


159.6 


92.4 


41.3 


251.4 


4681 . 6 


199.5 


115.5 


51.7 


314.2 


109 


3818.4 


160.8 


93.2 


41.6 


253.1 


4773.0 


201.0 


116.4 


52.0 


316.3 


110 


3886.8 


162.0 


93.9 


41.8 


254.8 


4858 . 5 


202.5 


117.4 


52.3 


318.5 


Ill 


3958.2 


163.2 


94.6 


42.0 


256.5 


4947 . 7 


204.0 


118.2 


52.5 


320.7 


112 


4026.9 


164.4 


95.3 


42.2 


258.2 


5033.6 


205.5 


119.1 


52.7 


322.8 


113 


4099.0 


165.5 


98.0 


42.5 


259.9 


5123.8 


207.0 


120.0 


53.1 


324.9 


114 


4172.0 


166.7 


98.8 


42.8 


261.6 


5215.0 


208.4 


121.0 


53.5 


327.0 


115 


4245.0 


167.9 


97.5 


43.1 


263.3 


5306.2 


209.9 


121.9 


53.9 


329.0 


116 


4318.8 


169.0 


98.3 


43.4 


264.9 


5398 . 5 


211.3 


122.9 


54.2 


331.1 


117 


4389.5 


170.2 


99.0 


43.7 


286.7 


5486.9 


212.8 


123.7 


54.6 


333.3 


118. 


4463 . 8 


171.4 


99.7 


43.9 


288.5 


5579 . 7 


214.2 


124.6 


54.9 


335.6 


119 


4538.8 


172.5 


100.4 


44.2 


270.2 


5673.5 


215.7 


125.5 


55.3 


337.8 


120 


4614.1 


173.7 


101.1 


44.5 


272. C 


5767.6 


217.1 


126.4 


55.6 


340.0 


121 


4686.5 


174.8 


101.8 


44.7 


273.8 


5858.1 


218.6 


127.2 


55.9 


342.2 


122 


4762.7 


176.0 


102.5 


45.0 


275.6 


5953.4 


220.0 


128.1 


56.2 


344.5 


123 


4836.2 


177.1 


103.2 


45.3 


277.4 


6045.2 


221.4 


129.0 


56.5 


346.7 


124 


4917.4 


178.3 


104.0 


45.7 


279.2 


6146.7 


222.8 


130.0 


57.0 


349.0 


125 


4996.4 


179.4 


104.7 


46.0 


281.0 


6245.5 


224.2 


130.9 


57.5 


351.2 


150 


7062.3 


207.4 


121.8 


54.4 


325.4 


8827.9 


259.2 


152.2 


68.0 


406.7 


175 


9352.5 


234.5 


138.3 


62.5 


371.7 


11690.6 


293.1 


172.9 


78.2 


464.6 


200 


11873.0 


261.0 


153.4 


70.4 


419.0 


14841 . 2 


326.3 


191.8 


88.0 


523.8 


250 


17592.5 


313.2 


183.7 


85.0 


515.2 


21990.6 


391.5 


229.6 


106.3 


644.0 



Notes. — Moments are given in thousand foot-pounds. 
Shears are given in thousand pounds. 

Pier reactions are given in thousand pounds and are for piers between two spans each equal 
to the tabulated span. 
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TABLE S.— Continued 
Maximum Moments for Truss Bridges — Cooper's E50 for One Rail 

Moments Given in Thousands of Foot-Pounds 



Panel Points I- 



1 



2 

■+■ 



3 

-+- 



4 



I 



(i 

■+- 



I 



8 

-+- 







J3I 


Panel 
Points 


PANUL IjBNGTHS 


Pant 
inT 


19' 6" 


20' 0" 


20' 6" 


21' 0" 


21' 6" 


22' 0" 


1 22' 6" 

i 


23 ' 0" 


23' 6" 


24' 0" 


24' 6" 


3 


1 


1404 


1466 


1527 


1587 


1653 


1719 


1788 


1857 


1927 


1997 


2066 


4 


1 
2 


1958 
2581 


2061 
2700 


2166 
2821 


2273 
2946 


2380 
3074 


2490 
3205 


2597 
3338 


2708 
3471 


2819 
8607 


2983 
3743 


3046 
8883 


6 


1 
2 


2600 
3685 


2731 
3943 


2864 
4144 


3001 
4347 


3138 
4555 


3279 
4767 


8418 
4978 


3562 
5193 


8706 
5415 


3852 
6640 


3999 
6866 


6 


1 
2 
3 


3210 
4885 
5487 


3362 
5256 
5746 


3516 
5501 
6028 


3678 
5750 
6321 


3840 
5998 
6617 


4008 
6250 
6921 


4175 
6501 
7228 


4349 
6756 
7538 


4522 
7011 
7860 


4700 
7270 
8166 


4878 
7525 
8491 


7 


1 
2 
3 


3778 
6025 
7140 


3955 
6326 
7646 


4130 
6613 
7990 


4317 
6914 
8347 


4505 
7215 
8710 


4702 
7530 
9079 


4897 
7845 
9448 


5100 
8173 
9826 


6303 

8503 

10207 


5512 

8842 

10609 


6721 

9182 

11017 


8 


1 
2 
3 
4 


4320 
7125 
8780 
94 ;0 


4525 
7458 
9234 
9943 


4727 

7805 

9330 

10396 


4939 

8162 

10070 

10862 


5150 

8520 

10515 

11317 


5373 

8890 

10993 

11805 


5592 

9260 

11475 

12288 


5829 

9640 

11976 

12790 


6061 
10030 
12472 
13287 


6300 
10430 
12981 
13795 


6540 
10832 
13490 
14300 


9 


1 
2 
3 
4 


4850 

8193 

10372 

11605 


5379 

8578 

10880 

12172 


5308 

8970 

11375 

12735 


5545 

9378 

11900 

13310 


5780 

9790 

12425 

13880 


6030 
10216 
12978 
14472 


6280 
10640 
13535 
15068 


6542 
11082 
14118 
15684 


6804 
11525 
14705 
16300 


7074 
11985 
15308 
16930 


7344 
12448 
15910 
17560 



•si 


nel 
ints 


Panel Lengths 


h^ 


























es 


25' 0" 
2135 


25' 6" 


26' 0" 


26' 6" 


27' 0" 


27' 6" 


28' 0" 


28' 6" 


29' 0" 


29' 6" 


30' 0" 


3 


1 


2215 


2289 


2370 


2451 


2534 


2616 


2700 


2792 


2889 


2986 


4 


1 
2 


3165 
4025 


3282 
4170 


3405 
4344 


3526 
4501 


3649 
4681 


3774 
4858 


3900 
5034 


4031 
5215 


4165 
5398 


4300 
5580 


4436 
5768 


5 


1 
2 


4150 
6093 


4301 
6371 


4456 
6552 


4611 
6783 


4770 
7017 


4929 
7250 


5092 
7492 


5255 
7736 


5422 
7984 


5589 
8232 


5760 
8482 


6 


1 
2 
3 


5061 
7794 
8821 


5245 
8068 
9153 


5433 
8352 
9490 


5622 
8654 
9828 


5816 

8960 

10170 


6010 

9268 

10514 


6208 

9580 

10862 


6408 

9897 

11208 


6612 
10218 
11565 


6817 
10547 
11925 


7026 
10880 
12296 


7 


1 
2 
3 


5936 

9530 

11444 


6151 

9875 

11870 


6373 
10236 
12312 


6595 
10600 
12752 


6823 
10980 
13203 


7051 
11357 
13653 


7286 
11742 
14112 


7521 
12125 
14571 


7762 
12520 
15039 


8003 
12918 
15507 


8250 
13330 
15984 


8 


1 
2 
3 

4 


6787 
11244 
14010 
14820 


7035 
11655 
14528 
15340 


7289 
12080 
15063 
15875 


7540 
12508 
15605 
16413 


7806 
12950 
16163 
16965 


8069 
13392 
16718 
17514 


8338 
13850 
17285 
18075 


8608 
14308 
17852 
18635 


8887 
14780 
18431 
19210 


9165 
15250 
19010 
19795 


9450 
15780 
19600 
20406 


9 


1 
2 
3 
4 


7622 
12925 
16528 
18205 


7900 
13400 
17145 
18850 


8188 
13890 
17778 
19515 


8477 
14380 
18414 
20180 


8774 
14888 
19070 
20870 


9070 
15400 
19730 
21557 


9376 
15930 
20405 
22260 


9686 
16460 
21080 
22955 


9996 
17005 
21770 
23678 


10310 
17547 
22461 
24405 


10633 
18100 
23168 
26170 



% 
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TABLE S. — Cordinued 

Maximum Moments for Truss Bridget — Cooper's E30 for One Rail 

Moments Given in Thousands of Foot-Pounds 



If-^oi^al 


PolDto 


I) 


1 


•> 


:j 


* 




't 


r, 


i 


K 


9 


r4fj<!l 






















1 


il 




Panel Lengths 




■ 




















£s 


see" 


31' 0", 

; 


31' 6" 


32' 0" 


32' 6" 


33' 0" 


. 33' 6" 

i 


34' 0" 


34' 6" 


syo" 


35' 6" 


3 


1 


3080 


8175; 

1 


3276 


3372^ 


347l! 

j 


3570 


3672 


3775 


3877 


8978 


4080 


4 


1 

2 


4573 
6957 


4710" 
61471 


4862 
6332 


4994 
6516 


5137 

6715 


6280 
6916 


5428 
7123 


5576 
7331 


5725 
7536 


5878 
7740 


5928 
7950 


6 


1 
2 


5937 
8734 


6113 
8986 


6296 
9241 


6477 
9496 


6678 
9749^ 


6849 
10012 


7039 
10291 


7228 
10690 


7423 
10891 


7617 
11192 


7814 
11496 


6 


1 
2 


7238 
11219 
12668 


745o' 
11558; 
13040; 


7671 
11903 
13418 


7892 
12248 
13796 


8120 
12684 
14180 


8347 
12979 
14563 


8581 
13354 
14952 


8812 
13729 
16341 


9060 
14120 
16746 


9288 
14510 
16148 


9628 
14902 
16654 


7 


1 
2 
3 


8601 
13748 
16474 


8762: 
14166 
16964 


9009 
14590 
17466 


9266 
15015 
17968 


9536 
15460 
18475: 


9806 
16885 
18981 


10081 
16368 
19508 


10366 
16810 
20016 


10637 
17284 
20646 


10919 
17768 
21024 


11203 
18234 
21606 


8 


1 
2 
3 
4 


9740 
16226 
20206 
21022 


10030 
16720 
20812 
21638 


10326' 
17227! 
21432! 
22268 


10622 
17V33. 
220511 
22898 


10931 
18252 
22685. 
23549 


11239 

18770 

-23318 

24200 


11667 
19311 
23960 
24860 


11874 
19862 
24601 
25631 


12200 
20407 
26261 
26216 


12626 
20961 
26920 
26901 


12856 
21518 
26685 
27590 





i 
2 
3 
4 


10961 
18672 
23886 
26943 


11288 
1!)244 
2460:) 
26715 


11625 
19832 
25343 
27498 


11961 
20419^ 
26083 
282K1 


12310: 
21019 
26839' 
29096 


1265£ 
21618 
27595 
29910 


13018 
22239 
28365 
30741 


13378 
22860 
29136 
31572 


13747 
23603 
29923 
32481 


14116 
24146 
30710 
83290 


14490 
24795 
31500 
34155 
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TABLE 9 

Maximum Shears for Truss Bridges — Cooper's E50 for One Rail 

Shears Given in Thousands of Pounds 



Panels 



I- 



:j 



5 







4- 



8 



9 



-si 


1 

1 


Panel Lengths 


ta 


8'0" 


8' 6" 


9'0" 


9' 6" 


10' 0" 


10' 6" 


11' 0" 


11' 6" 


12' 0" 


12' 6" 


13' 0" 


13' 6" 


3 


40.6 


42.1 


43.5 


44.8 


46.4 


47.9 


49.1 


50.4 


51.6 


53.0 


54.3 


56.9 




2 


7.3 


8.0 


8.8 


9.5 


10.0 


11.0 


11.8 


12.5 


13.2 


13.7 


14.3 


14.9 


4 


1 


54.1 


56.7 


59.1 


61.3 


63.1 


65.6 


67.4 


69.4 


71.6 


73.6 


75.5 


77.6 




2 


23.6 


25.4 


27.4 


28.6 


30.0 


31.3 


32.4 


33.4 


34.4 


36.6 


36.7 


37.7 




3 


2.4 


3.1 


3.9 


4.5 


5.0 


6.9 


6.5 


7.2 


7.9 


8.4 


8.9 


9.4 


5 


1 


67 5 


70.4 


73.6 


76.6 


79.4 


82.3 


84.5 


87.1 


89.2 


91.4 


93.6 


96.4 




2 


38.8 


41.0 


43.0 


44.9 


46.7 


48.7 


50.3 


51.9 


53.8 


55.5 


57.1 


58.7 




3 


16.3 


18.0 


19.5 


20.8 


22.0 


23.1 


24.0 


25.0 


25.9 


26.9 


27.8 


28.7 


6 


1 


80.1 


83.5 


86.9 


90.1 


93.6 


96.9 


100.1 


103.1 


106.7 


110.5 


114.3 


118.7 




2 


52.7 


55.3 


57.9 


60.5 


62.9 


65.5 


67.8 


70.1 


72.1 


74.2 


76.3 


78.1 




3 


30.2 


33.5 


34.0 


35.6 


37.4 


39.0 


40.8 


41.9 


43.4 


44.9 


46.3 


47.7 




4 


11.5 


13.0 


14.4 


15.6 


16.6 


17.8 


18.8 


19.4 


20.2 


21.1 


21.9 


22.6 


7 


1 


91.1 


94.6 


99.2 


103.4 


108.0 


112.8 


117 5 


122.9 


127.5 


132.0 


136.5 


141.4 




2 


65.5 


69.1 


72.4 


75 3 


78.4 


80.9 


83.9 


86.1 


89.0 


92 


95.0 


98.8 




3 


43.4 


45.6 


48.0 


50.4 


52.4 


54.8 


56.9 


58.8 


596 


62.0 


64.3 


65.9 




4 


24.1 


26.0 


27.6 


29.0 


30.5 


32.1 


33.4 


34.7 


36.1 


37.4 


38.6 


39.8 




5 


8.5 


9.6 


10.7 


11.7 


12.8 


13.8 


14.9 


15.5 


16.1 


16.9 


17.7 


18.4 


8 


1 


101.9 


107.6 


113.6 


119.3 


125.4 


131.0 


136.4 


141.9 


147.2 


152.3 


157.4 


162.9 




2 


78.2 


81.7 


85.2 


89.1 


92.5 


96.0 


99.8 


104.1 


108.4 


112.6 


116.7 


121.0 




3 


55.8 


59.0 


61.9 


64.5 


67.4 


69.6 


72.3 


74.4 


76.8 


79.5 


82.2 


86.0 




4 


36.4 


38.5 


40.6 


42.8 


44.6 


46.8 


48.6 


50.4 


52.0 


53.7 


65.3 


66.7 




5 


19.5 


21.3 


22.8 


24.1 


25.5 


26.9 


28.0 


29.1 


30.5 


31.7 


32.8 


33.9 




6 


7.4 


7.9 


8.4 


9.2 


10.0 


10.9 


11.9 


12.6 


13.1 


13.8 


14.5 


15.1 


9 


1 


115.2 


122.3 


129.2 


135.6 


141.9 


148.4 


154.5 


160.8 


166 4 


172.0 


177.6 


183.5 




2 


89.0 


93.6 


98.3 


103.3 


108.3 


113.6 


118.6 


123.4 


128.2 


132.9 


137.5 


142.5 




3 


68.1 


71.4 


74.5 


77.6 


81.2 


84.3 


87.8 


91.6 


95.4 


99.2 


102.9 


106.4 




4 


48.2 


51.1 


53.8 


56.5 


58.5 


60.8 


63.1 


65.1 


67.4 


69.8 


72.2 


74.8 




5 


31.0 


32.9 


34.9 


36.9 


38.5 


40.5 


42.3 


43.8 


45.3 


46.8 


48.3 


49.6 




6 


16.0 


17.5 


19.1 


20.3 


21.6 


22.7 


23.9 


25.0 


26.2 


27.3 


28.3 


29.3 



-si 


1 


Panel Lengths 


2H 
























(I4.S 


1 


14' 0" 


14' 6" 


15' 0" 


15' 6" 


16' 0" 


16' 6" 


17' 0" 


17' 6" 


18' 0" 


18' 6" 


19' 0" 




3 


57.4 


68.7 


60.0 


61 5 


63.0 


64.3 


65.6 


66.9 


68.2 


69.5 


70.8 






2 


15.5 


16.0 


16.4 


17.1 


17.8 


18.3 


188 


19.3 


19.9 


20.5 


21.0 




4 


1 


79.6 


81.6 


83.6 


85.5 


87.3 


89.0 


90.6 


92.6 


94.5 


96.4 


98.3 






2 


38.6 


39.6 


40.6 


41.7 


42.7 


43.9 


45.0 


46.1 


47.2 


48.3 


49.3 






3 


9.8 


10.3 


10.7 


11.2 


11.7 


12.2 


12.7 


13.1 


13.6 


13.9 


14.3 




5 


1 


99.2 


102.3 


105.4 


108.6 


111.8 


115.1 


118.3 


121.5 


124.6 


127.5 


130.4 






2 


60.3 


61.9 


63.4 


64.8 


66 2 


67.7 


69.1 


70.8 


72.4 


74.0 


75.6 






3 


29.5 


30.4 


31.2 


32 


32 8 


33.6 


34.3 


351 


35.8 


36.6 


37.3 




6 


1 


123.1 


127.1 


131.0 


134.9 


138.8 


142.7 


146.5 


150 2 


153.8 


157.5 


161.1 






2 


79.8 


82.2 


84.6 


86.9 


90.1 


93.0 


95.8 


98.5 


101.1 


103.6 


106.1 






3 


49.1 


50.4 


51.7 


52.9 


54.0 


55.3 


56.5 


57.6 


58.6 


59.7 


60.7 






4 


23.3 


24.1 


24.8 


25.6 


26.3 


27.0 


27.6 


28.3 


28.9 


29.6 


30.2 




7 


1 


146.2 


150.9 


155.5 


160.1 


164.6 


169.0 


173.3 


177.5 


181.6 


185.7 


189.7 






2 


102.6 


106.1 


109.6 


113.0 


116.4 


119.7 


123.1 


126.4 


129.6 


132.8 


135.9 






3 


67.4 


69.3 


71.1 


73.1 


75.0 


77.4 


79.7 


82.1 


84.4 


86.6 


88.8 






4 


41.0 


42.2 


43.4 


44.4 


45.4 


46.5 


47.5 


48.5 


49.4 


50.4 


51.3 






5 


19.0 


19.7 


20 3 


21.0 


21.6 


22.2 


22.8 


23.4 


24.0 


24.6 


25.1; 




8 


1 


168.4 


173.6 


178.8 


183.8 


188.7 


193.6 


198.4 


203.1 


207.8 


212.5 


217.1 






2 


125.3 


129.5 


133.7 


137 8 


141.8 


145.7 


149.5 


153.2 


156.9 


160.5 


164.1 






3 


87.8 


90.9 


93.9 


96.8 


99.6 


102.6 


105.6 


108.5 


111.4 


114.2 


117.0 






4 


58.1 


59.8 


61.4 


63.1 


64.8 


66.7 


68.5 


70.4 


72.2 


74.0 


75.8 






5 


35.0 


36.1 


37.1 


38.0 


38.9 


39.9 


40.9 


41.7 


42.5 


43.4 


44.2 






6 


15.7 


16.4 


17.0 


17.6 


18.1 


18.7 


19.2 


19.8 


20.3 


20.8 


21.3 




9 


1 


189.4 


195.1 


200.8 


206.3 


211.8 


217.3 


222.7 


228 


233.2 


238.4 


243.6 


. 




2 


147.4 


152.1 


156.8 


1613 


165.7 


170.1 


174.5 


178.8 


183.0 


187.2 


191.3 






3 


109.8 


112.9 


116.7 


120.4 


124.1 


127.6 


131.0 


134.4 


137.7 


141.0 


144.2 






4 


77.3 


80.1 


82.7 


85.2 


87.6 


90.1 


92.5 


94.9 


97.3 


99.9 


102.4. 






5 


50.8 


52.4 


53.8 


55.4 


56.9 


58.6 


60.2 


61.9 


63.5 


65.3 


67.0 






6 


30.3 


31.4 


32.3 


33.1 


33.9 


34.8 


35.7 


36.5 


37.2 


38.0 


38.7 
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Shears Given in Thousands of Pounds 
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TABLE 9.—Conamud 

Maxiuuu Shears for Tbt^sb Bridges— Cooper's £50 for Onx Rail 

Shears Given in Thousands of Pounds 



734063 



UVE-LOAD !*T HFjwfj* 



of Foot-Founda per Ritil 



For ii and i, each > 142 ft. M = ii 1,+ 3800^ 
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TABLE 10,— Continued 

Maximum Bending Mobients in Girder Bridges Withot7T Floor-Beams, 

Cooper's E40 Loading 



Values in Thousands of Foot-Pounds per Rail 
Shorter Segment h 



250 

225 

200 

175 

160 

150 

140 

130 

120 

110 

100 

95 

90 

85 

80 

75 

70 

65 



65 



18327 

16639 

14939 

13224 

12185 

11487 

10790 

10088 

9380 

8666 

7963 

7642 

7303 

6943 

6582 

6197 

5796 

5374 



70 



19675 

17862 

16036 

14205 

13097 

12354 

11608 

10857 

10100 

9338 

8567 

8182 

7817 

7428 

7043 

6629 

6197 



75 



21062 

19123 

17172 

15207 

14018 

13194 

12395 

11594 

10786 

9972 

9150 

8737 

8321 

7917 

7500 

7057 



80 



22421 

20351 

18269 

16171 

14906 

14058 

13206 

12349 

11486 

10616 

9738 

9296 

8851 

8404 

7954 



86 



90 



23766 

21569 

19360 

17134 

15789 

14887 

13980 

13069 

12073 

11226 

10294 

9824 

9352 

8876 



25084 
22757 
20418 
18017 
16636 
15681 
14722 
13756 
12787 
11812 
10829 
10334 
9836 



95 



26364 27660 30152 32591 



2390825078273152950231691 
2144022482244652640028231 



18952 
1745018289 



16442 
15430 
14413 
13421 
11392 
11348 
10834 



100 



33862 

30255 

19868215972327812496326631 



110 



1 9866 21396 22930 24446 



17231 

1616917542 

1510116372 

1402615197 

1294614014 

11857 



1870620151 



120 



188702020321520 



17600 
16325 



130 



3503337455 



2156922986 



18834 



140 



/, 



For Zi and k each > 142 ft. M == lik + 3800 j^ 



OOP o no 




MVE'LOAD STRESSES 



Maxditim Benvinq Moments in Gibder Bridges Without Floor-Bbamb, 
Cooper's, £50 Loading 

Values in Thousands of Foot-FoundB per Rail 



S 

9ft 



For ;, and t, each > 142 ft. M = 1.25 l,k + 4750 f 
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TABLE 11— Continued 

Maximum Bending Moments in Girder Bridges Without Floor-Beams, 

Cooper's ^50 Loading 



Values in Thousands of Foot-Pounds per Rail 
Shorter Segment h 



65 



250 

225 

200 

175 

160 

150 

140 

130 

120 

110 

100 

95 

90 

85 

80 

75 

70 

65 



70 



22909 

20799 

18674 

16530 

15231 

14359 

13488 

12610 

11725 

10832 

9954 

9552 

9129 

8679 

8228 

7746 

7237 

6718 



24594 

22327 

20045 

17756 

16371 

15443 

14510 

13571 

12625 

11672 

10709 

10227 

9771 

9285 

8804 

8286 

7746 



75 



26327 
23904 
21465 
19009 
17523 
16492 
15494 
14492 
13482 
12465 
11438 
10921 
10401 
9896 
9375 
8821 



80 



85 



28026,29707 
25439i26961 
22836 24200 
20214 21417 
18633 19736 



90 



3 1355 32955 34575 37690 40739 43791 



17573 
16508 
15436 
14357 
13270 
12173 



18609 
17475 
16336 
15091 
14033 
12867 



1162012280 

1106411690 

1050511095 

99431 



28446298853134734144368783961442327 
25522268002810230581330003541437819 



22521 



20795218122286124832267452866230558 



19601 
18402 
17195 
15984 
14765 
13536 
12917 
12295 



96 



23690 24835 26996 29098 3 1204 33289 



20553 2 1539 23382 25189 26961 28732 



1928820211 



18016 
16776 
15490 
14185 
13543 



100 



17533 
16182 
14821 



110 120 



21927 23588 25254 26900 



18876 20465 22000 23542 



1899620406 
17518 



130 



140 



46819 



/, 



or ly and k each > 142 ft. M = 1.25 U I, + 4750 -^ 




UVE-LOAD STUEiiSCS 



MAXDfuif Bbxdixg Bi 



Values in Tboasands of Faot-paunds per Rail 



1111' 
10136, 
9146 
81+4 



5125 
4930 
4753 
■1524 
4232 
4012 
3796 



27S4 
2569 
2351 
2129 



13230 
12052 
10862: 

9658| 



153051 17342; 1937^1418 23442 2 
13932^16773 176l5il9464 
125171 1419a 1584017497 
11146|l-258714O16;iS509 
102M: 1 1612' 12958J14303 
972Oil0956; 



8270 922210174111221 
7579 ! 
&436i 7296 1 



ia2»4 



1222413492 1474S 
114861267413854 



10741 



11851 



99861101712042 



6198 
5747 
5279 

4820 5270 



For Ii and It each > 142 ft. M = 1.5 fci, + 5700 j 



LIVE-LOAD STRESSES 



105 



TABLE 12.— Con/intied 

Maximum Bending Moments in Girder Bridges Without Floor-Beams, 

Cooper's ^60 Loading 

Values in Thousands of Foot-pounds per Rail 
Shorter Segment h 





63 


70 


75 


80 


85 

35648 
32353 
29040 
25700 
23683 
22331 
20970 
19603 
18110 
16840 
15440 
14736 
14028 


90 


1 

95 100 


110 


120 


130 


140 


250 
225 

200 
175 
160 
150 
40 
130 
120 


27491 

24959 

22409 

19836 

18277 

17231 

16186 

15132 

14070 

12998 

11945 

11462 

10955 

10415 

9874 

9295 

8684 

8062 


29513 
26792 
24054 
21307 
19645 
18532 
17412 
16285 
15150 
14006 
12851 
12272 
11725 
11142 
10565 
9943 
9295 


31592 
28685 
25758 
22811 
21028 
19790 
18593 
17390 
16178 
14958 
13726 
13105 
12481 
11875 
11250 
10585 


33631 
30527 
27403 
24257 
22360 
21088 
19810 
18523 
17228 
15924 
14608 
13944 
13277 
12606 
11932 


37626 
34135 
30626 
27025 
24954 
23521 
22082 
20634 
19181 
17718 
16243 
15500 


3954641490 
3586237616 
3216033722 
2842829802 
2617427433 
2466425847 
2314624253 
2161922651 
2013121040 
1858819418 
17022 1778/i 


45228 
40973 
36697 
32395 
29798 
28058 
26312 
24558 
22795 


48887 
44254 
39600 
34918 
32094 
30227 
28306 
26400 
24487 


52549 
47537 
42497 
37444 
34394 
32353 
30305 
28250 


56183 
50792 
45383 
39947 
36670 
34478 
32280 


110 


21022 








100 








95 


16252 












90 


14754 














85 


13314 
















80 


















75 


















70 




















65 



































1 

1 











For li and k each >142 ft. M = 1.5 hk + 5700^ 



■ M.QPS^ O o o o g). 
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TABLE 13 



\L\xi3im Ptem 



f 41) IXiJLDEXii 



Cooper's 



V lines ji T!!ioi2siiiixs ii Pomiiis per Rail 



' 




'1 3 Lt| :i 


in i5 


10 3S i ■» ; 4S 1 50 


bo 

346 


!30 . 


314 .;i4 -ii5 >:^ 


:12» 332133b 338 ^12 


225 . 


. . 2&7 2S7 :2«) 2:M: 


2!U^ 3U1 


HH 306 309 312 


317 i 321 


JJI) . 


. . JSl 2HI 215:5 2.*)>* 


271 275 


27S SI 1284 287 


292 1296 


175 . 


.234 2:34 23lj 241 


244 24^ 


251 -254 - '25d 262 


266 


269 


lr)4) . 


. . 21s 2l> 22!) 225 


22> 2:52 


'236 238 


2-^ 246 250 


254 


1.50 . 


.. -207 207 210 2L4 


'T^ »i 


•>^j^ •>n^ 


231 234 


239 


244 


140 . 


. . 196 196 19^ 2:jLi 


2!I6 Ih) 


214 2IS 


220 224 


229 


234 


i:iO . 


... l>5 1S5 l>7 192 


I')6 201 


21K 208 


210 214 


219 


224 


12:) . 


. . 174 174 176 ISl 


1>4 1S9 


192 196 


198 2M 


208 


213 


_- 110 . 


. . 162 162 165 171) 


17:i 17S 


ISl ISo 


188 193 


198 


202 


- H)0.. 


. . 1.50 1.5i) l.>5 15^ 


162 166 


170 174 


1< i . 182 


187 


192 


5 95.. 


... 144 144 14*i 151 


155 160 


163 168 


173: 178 


182 


188 


a 90.. 
,3: S5 . . 


. . . 137 l:J7 140 146 


150 1.54 


158 163 


168 i 174 


178 


183 


131 131 1:54 1:59 


142 14S 


152 158 


163! 168 


174 


178 


f 80.. 


.124 124 127 i:?:5 


1:57 142 


146 153 


158 163 


168 


174 


5- -.* 
S 70.. 


. ... US US 122 126 


1:30 1:15 


140 146 


152, 158 


162 


167 


.. . 110 110 114 12'.> 


124 1-2S 


134 i:» 


146 150 


156 


162 


^ 65.. 


101 lot 107 112 


US 1*22 


126 133 


139 144 


149 


155 


60.. 


. 98 98 101 106 


110 115 


119 1*25 


131 137 


142 


148 


55. . 


. . 93 9:^ 95 99 


UK 108 


113 118 


125 130 


134 


141 


. 50. . 


.... 87 S7 90 94 


98 102 


108 114 


118 


124 


129 




, 45.. 


82 82 <5 90 


93 98 


102, 109 


114 


118 






I 40.. 


.... 75 75 79 S4 


nS 92 


98 102 


108 








! 35. . 


.... 69 69 74 7^% 


82 87 


92 98 


• • • 








30.. 


.... 63 63 67 72 


77 82 


86 .. 


• - • 










25.. 


.... 57 57 62 66 


71 76 


... ... 


• • • 










OTk 


.... 50 50 56 60 
40: 40 50 55 
30 1 .30 40 


66 


» 










1 C 
















1»J. . 

10.. 
5.. 




1 - - - 










20 20: 




! 






^^ 




X^^tm 1 nvt/4 1. OA/kVl 


-^IJ.9 ft 


p = r -u 


3800 









LIVE-LOAD STRESSES 



TABLE 13.— Con«nH«i 



Values in Tbousanda of Pounds per Rail 
Shobtbb Sboubkt II 



For fc and I, each > 142 ft. K - L + - 






LIT>-U>AO aTRXaBBfi 



TaluM ia Tbouawids of FotnMla per Roil 



5S .«* -ffi S 

■a 

33 i^ "S 



For Ii and b each >142 h.R "1251.+ 



4760 
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TABLE U,— Continued 

Maximum Pier Rbactions Between Equal and Unequal Spans, Cooper's 

^50 Loading 



Values in Thousands of Pounds per Rail 
Shorter Segment U 





60 

437 


65 
445 


70 

449 


75 
456 


80 

463 


86 
468 


90 

474 


95 

478 


100 

484 


110 
494 


120 

502 


130 

512 


140 


250... 


521 


225... 


407 


413 


418 


425 


431 


437 


442 


448 


452 


462 


471 


481 


490 


200... 


375 


381 


386 


393 


400 


405 


411 


416 


421 


431 


440 


449 


459 


175... 


343 


349 


355 


362 


368 


375 


379 


385 


390 


399 


409 


418 


427 


160... 


323 


330 


336 


343 


350 


355 


361 


366 


371 


381 


390 


400 


410 


150... 


310 


317 


324 


330 


336 


343 


348 


353 


359 


369 


378 


387 


397 


140... 


298 


303 


311 


316 


324 


330 


337 


341 


346 


355 


365 


374 


385 


130... 


286 


291 


299 


304 


312 


317 


323 


328 


334 


343 


352 


362 


• • • 


120... 


272 


278 


285 


291 


299 


303 


310 


316 


321 


331 


340 




• • • 


110... 


259 


265 


273 


279 


287 


292 


298 


304 


309 


319 




• • • • ■ • 


100... 


246 


253 


260 


267 


274 


280 


286 


291 296 


• • • 








170. . . 


240 


247 


254 


260 


267 


274 


279 286 i . . . 


• • ■ 




• • • 




90... 


235 


242 


248 


254 


261 


268 273 ' 


• • • 








oO. . . 


229 


236 


242 


248 


255 


^O i. ' ... ... I ... 


• • • 








oU. . . 


223 


230 


235 


242 249 ' . . . 








75... 


216 


222 


229 


Sd%^%3 ' ••• ••> ••• 1 ••• 


• « • • • • 








70... 


208 


214 


222 


; _ 1 


• • • 


. . . j 








65... 


200 
191 


206 


' 1 1 
■ . . • ....... . . . 1 . . . 


• • • ' 










60... 







. i . . . 








1 


i 








1 







For Ix and h each >142 ft. R = 1.25 L + 



4750 



....a.Q.^^P '^oo 



Influence Line for R 




1 .i:i!'f - 



*~5- ■ J '^ t- 



.-.T" -53E" 



_»» ■ ■ -^ *»' - 



* 






4* 



--* JKi. 



^— -il ^5 -*!- 






•^t"- 



9i. 4SSt 
:S UK 



■ * 



«T»r 



22* 



I , 






..> 


.•3 


S7 


•^ 


•'T 


••7 


"~"t 


"~^ 


»i 


i»i 


r^ 


^ 


M 


:<» 



-_- _•:« -JS -i 



» z 



li^fl 



— . --• 



- • • • ■^~- - «« 



"*- * i. 






-:^ -:3 .^5^ :2» -3^ J5I 38f 

^t>: Jij .23 -2^^ .2» 34fe 5a 

.ni -2» -39^ -t2>' -!2» .2fe -Sfi 

•Z "iH !♦ -» i!li ,S5 iS* 

— -V ^<r YT 3S 2±^ S^ 

-J. =* TV >r IHr 3K ni 

:^ -:i t:* :r5- :sf 2I& 

:^> ^ :5i- -je: 
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LIVE-LOAD STRESSES 



TABLE 15.— Continued 
xiMUM Pier Reachons Between Equal and Unequal Spans, Coopkr'8 

£60 LOAOINQ 

Values in Thousands of Founds per Rail 
Shorisb Secuent Ii 



For I, and h each >142 it. R = 1.5 L + ^ 






UTZ-L£lAI> ?7S£aa££ 



TABLE 1« 
Valnn in PMtnd* p«r l-gvaJ Fom ps Rk^ 



^!M 25Wi>24M213l>21I4'23H>237'J2»>23m-23lO:J30(|-2290->>70 

/i5 2.M*>2.50O24aO24.jfi24af»24<»2S!O23dii-:3«>-:S3l>231O-23<» 

£H 26H>K4a250r»241irj246(»iHO2t»23»237(l23a»-23M)2S30 

175 2BW25102.>V»2.>«>251(>249O2«O-2430->4a>.»w236<>.310 

IW» ZJS'fSQW^Wf 2570-2^402310 24^>-2450-2420 2400 23»0 2370 

IW 24302420 3100 2380 

J W 2450-2430 2420 2400 

\m 2470245024302420 

VM 2490 2460 24jO 2430 

no -2500 2490 -2460 2460 

IW -253025102500-2480 

'*i 2560 -2540 2520 2500 

'dH 2590-2570-25502510 

M 2620 25SO 2370 2550 

m 2620-2610 2580 2570 

79 -2640 2620 -2600 2380 

70 26502620-26002580 

■ m .... 2650 2620 2600 25S0 

m 263O26IO.259025S0 

2620260025602550 
26302600!2580. ... 

26702640...... 

2700 



Fur U and fe each > 142 ft. q = (2.O + ^) H 



LIVE-LOAD STRESSES 



TABLE iG.— Continued 

Equivai^nt Ukifokm Loadb for Cooper's £40 LoAsnia 

Values in Pounds per Lineal Foot per Rail 

SBORTIdl REOUENT h 



For h and t, each > 142 ft. g = (2.O + ^^ 1000 



LIVE-LOAD STKESSES 



TABLE 17 

E!qi7ivai£nt Uniporm Loads for Cooper's £50 Loaoino 

Values in Pounds por Lineal Fool per Itail 

SUORTEB SEGHENT tl 



LIVE-LOAD 



TABLE 17.— ConHnued 
EamTALZMT Uniform LoAse for Coopek'b £60 Loamno . 

Values in Founds per Lineal Foot per Rail 
Sbobtbb Sbohimt II 



For (i and h each > 142 ft. q = ^2.5 +7T^ ^™° 



Lne-LOAi) »Tst:dSES 



TABLE 18 

Eqctvai£xt t'N-iPoeu Laaiw for Coopeb's £60 Loading 

Values in PouimLi per Lineal Foot per Rail 



For I, and fc earh > 142 ft. q = (s.O + -J^ 1( 



UTE-LOAD srmnSBBS 



TABLED 18.- 

EamvJdxnr Unitorh LoAse von Coopbs'b £1 

Valuefl in Pounda per Linei^ Foot per B 



For I. and Ii each >142ft. j= {d-O + ^^jlOOO 



LIVE-LOAD STRESSES 



TABLE 19 
Influemce-Lute Obdinates fob M for Gibdeb BamGEe Witbout Floor- 



LIVE-LOAD STHESSES 



TABLE 18.— Con/inued 



Values of -p 
Shobteb Segment fa 





ccLJne 








r 










1 










\ 


n.an« 


,-"^1---—— 



LIVE-IX>AD 



X SBSHeNT ll 
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TABLE 20.— Continued 

Reciprocals of Influence-Line Ordinates for M for Girder Bridges 

Without Floor-Beams 

Values of j-j 
Shohter Segment h 
80 I 85 I 90 



I 



65 




95 



100 



250.0194 

225 .0198 

200 .0204 

175 .0212 

160 .0217, 

150 .0221 

140.0225 

130 .023r 

120 .0237, 

110 .0245 

100.0254 

95 .0259 

90. 0265 

85 .0272 

80'. 0279 

75 .0287 

70 .0296 

65 .0:^07 



.0183 
.0188 
.0193 
.0200 
.0206 
.0210 
.0214 
.0220 
.0226 
.0234 
.0243 
.0248 
.0254 
.0261 
.0268 
.0276 
.0286 



.0174 

.0178 

.0183 

.0191 

.0196 

.0200' 

.0204 

.0210 

.0216 

.0224 

.0233 

.0238 

.0244 

.0251 

.0258 

.02o6 



0165 
0170 
0175 
0182 
01881 
0192" 
0196 
0202 
0208 
0216 
0225 
0230 
0236 
0243 
0250 



.0158 
.0162 
.0168 
.0175 
.0180 
.0184 
.0189 
.0194 
.02011 
.0208 
.0217' 
.0223 
.0229 
. 0235 



.0151 
.0156 
0161 
.0168 
0174 
0178 
0183 
0188 
0194 
0202 
0211 
0216 
0222 



0145 
0150 
0155 
0162 
0168 
0172 
0177 
0182 
0188 
0196 
0205 
0211 




0140 
0144; 
0150 
01571 
0162; 
0167 
0171 
0177 
0183 
01911 
020(> 



0131! 
0136! 
01411 
0148! 
01541 
0158 
0162 
0168 
0174 
0182! 



0123 
0128 
0133 
0140 
0146 
0150 
0154 
01601 
0167 



130 140 



0117 
0122 
0127 
0134 
0140| 
0144 
01481 
0154 



0112 
0116 
0122 
0128 
0134 
0138 
0143 



^7777777777/^ 



^*- 



■ 
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■h 



1.00« 



-X- 



-It 



F 




W777777? 



\ 
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LIVE-LOAD STRESSES 



TABLE 21 

Bending Moments in Beams Due to Uniform Load op 1 Pound per 

Lineal Foot 



Values in Foot-pounds 

Id, 
2 



Values equal -^ = Area of Influence Line for M 



Shorteb Segment h 



10 



15 



20 



25 



30 



35 



40 



4b 



50 



55 



60 



250 

225 



625 
562.5 



200500 



-4^ 

a 
o 

I 

o 



175 



437.5 



160400 



150 
140 
130 
120 
110 
100 
95 



375 
350 
325 
300 
275 
250 
237.5 



90225 



85 



212.5 



80200 



75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 



187.5 

175 

162.5 

150 

137.5 

125 

112.5 

100 
87.5 
75.0 
62.5 
50.0 
37.5 
25.0 
12.5 



1250 
1125 
1000 
875 
800 
750 
700 
650 
600 
550 
500 
475 
450 
425 
400 
375 
350 
325 
300 
275 
250 
225 
200 
175 
150 
125 
100 
75 
50 



1875 

1687.5 

1500 

1312.5 

1200 

1125 

1050 

975 

900 

825 

750 

712.5 

675 

637.5 

600 

562.5 

525 

487.5 

450 

412.5 

375 

337.5 

300 

262.5 

225 

187.5 

150 

112.5 



2500 3125 
2250 2812.5 
2000 2500 
1750 2187.5 
16002000 
1500 1875 
1400 1750 
1300 1625 
1200 1500 
11001375 
1000 1250 
9501187.5 
9001125 
850 1062.5 
8001000 



3750 4375 



3375 



3937. 



3000 3500 



2625 



3062.5 



2400 2800 
2250 2625 



2100 2450 
1950 2275 
1800 2100 
1650 1925 
1500 1750 
1425 1662.5 
1350 1575 
1275 1487.5 
1200 1400 



5000 6625 

5 4500 5062.5 

40004500 

3500 3937.5 

3200 3600 

3000 3375 

28003150 

2600 2925 

24002700 

2200 2475 

2000 2250 

1900 2137.5 

1800 2025 



750 
700 
650 
600 
550 
500 
450 
400 
350 
300 
250 
200 



937.5 

875 

812.5 

750 

687.5 

625 

562.5 

500 

437.5 

375 

312.5 



1125 
1050 
975 
900 
825 
750 
675 
600 
525 
450 



1312.5 
1225 
1137.5 
1050 

962.5 

875 

787.5 

700 

612.5 



1700 1912.5 
16001800 
1500 1687.5 
1400 1575 
1300 1462.5 
1200 1350 
1100 1237.5 
10001125 



900 
800 



6250 6875 
5625 6187.5 
50005500 
4375 4812.5 
40004400 
3750 4125 
35003850 
3250 3575 
3000 3300 13600 
27503025 13300 
25002750 
2375 2612.5 
22502475 
21232337.5 
20002200 
1875 2062.5 
1750 1925 
1625 1787.5 
1500 1650 
1375 1512.5 
1250 



7500 
6750 
6000 
5250 
4800 
4500 
4200 
3900 



3000 
2850 
2700 
2550 
2400 
2250 
2100 
1950 
1800 



1012.5 
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TABLE 21.— CanHnued 

Hexdixg Moments in Beams Due to Uniform Load of 1 Pound per 

Lineal Foot 



Values in Foot-pounds 
Values equal ^ = Area of Influence Line for M 



Shobteb Sbgment h 



65 



70 



75 



250,8125 



225 
200 
175 
160 



7312. 
6500 
5687. 
5200 



1504875 

14Q4550 

1304225 

1203900 

110 3575 

10013250 

95 3087. 

90|2925 

85 2762. 

802600 

75 2437. 

70-2275 

65 2112. 



8750 9375 
7875 8437.5 
7000 7500 
6125 6562.5 
5600 6000 
5250 5625 
4900 5250 
4550 4875 
4200 4500 
3850 4125 
3500 3750 
3325 3562.5 
3150 3375 
2975 3187.5 
2800 3000 
52625 2812.5 
2450 



80 



85 



10000 10625. 
900d 9562 
8000 8500 



7000i 



64001 6800 



6030 
5600 
5200 
4800 
4400 
4000 
3800 
3600 
3400 
3200 



7437.5 



6375 

5950 

5525 

5100 

4675 

4250 

4037. 

3825 

3612. 



90 



95 



11250 
5il0125 
9000 
7875 
7200 
6750 
6300 
5850 
5400 
4950 
4500 
4275 
4050 



11875 
10687. 
9500 
8312. 
7600 
7125 
6650 
6175 
5700 
5225 
4750 
4512. 



100 



110 



120 



12375 1350qi4625 15750 
1 1000 12000 13000 14000 



113751222. 



12500113750 

11 

1 

87501 9625 

8000 8800 

7500 82 

7000 

6500 

6000 

5500 

5000 



130 



1500016250 





10400 



140 



17500 



11200 



975010500 



6050 



7800 
7200 



9100 
8450 



9800 



^ 



1 Puuiid |k:i' Lineal Fuot 



Influence Line for M 



^; 




r> 



